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THE  LARKSPURS  AS  POISONOUS  PLANTS.' 

By  AuBRT  C.  CsAwroBD,  PharmacoUiffiit,  Foi»tmou»-Pttait  Imtttigalion*. 


nrTKODiTcn^ON. 

Throughout  the  United  States  many  species  of  larkspur  (Delphin- 
ium) occur.  Some  of  these  form  an  important  feature  of  the  western 
landscape ;  *  others,  such  as  Delphinium  ajacis,  on  account  of  their 
beauty  have  been  cultivated  in  gardens,  from  whence  they  have 
escaped  and  become  a  pest  to  the  farmer,' 

The  genus  Delphinium  is  in  a  very  confused  condition  botanically 
and  needs  revision.'  However,  the  botanical  characteristics  of  the 
genus  are  clearly  marked  and  constitute  sufficient  reason  for  consider- 
ing any  plant  bearing  them  as  deserving  of  suspicion.  Delphinium 
trolliifoliuTn,  Gray,  represented  in  the  accompanying  illustration 
(Plate  I),  shows  these  characteristics.  In  Canada '.and  in  our  West- 
em  States,  especially  in  Colorado  and  Montana;  various  species  of 
Delphinium  have  been  accused  of  stock  poisoning,  although  feeding 
experiments  with  these  plants  have  varied  in  their  results,  and  opinion 
in  the  West  has  been  by  no  means  uniform  as  to  their  poisonous  prop- 
erties. According  to  Wilcox,'  in  Montana  600  sheep  were  poisoned  by 
Delphinium  jnenziesii  on  one  ranch,  of  which  250  died.     In  India  the 

■  Of  the  many  binds  of  plants  ot  the  western  ranges  poisonous  to  stock,  vart- 
OUB  spiles  ot  larkspur  are  among  the  moat  deatrui'Ilve.  espeoliilly  In  the  inohn- 
tnlnouB  r^loua  ot  Colorado.  Wyoming,  flud  Montana. 

About  two  years  ago  a  study  of  the  poisonous  propertlen  of  one  of  the  most 
common  species  was  undertaken  cooperatively  by  tbe  Colorado  Agricultural 
Experiment  Station  and  the  Office  of  Polsonoua-Plant  InTestlgatlown,  the  field 
collections  and  field  tents  being  carried  on  by  Dr.  George  H.  Glover,  veterinarian 
of  the  station,  and  the  technical  latiorHtory  studies  by  Dr.  A.  C.  Cmwford, 
Pharmacologist,  under  the  direction  of  Dr.  R.  H.  True,  PbysloloKtet  In  Cbarife 
of  the  Polsonous-Plnnt  InvestlKntlons  of  the  Bureau  of  Plant  Industr:!-.  The 
principal  results  of  Doctor  Crawford's  work  are  here  summarized. 

It  Is  shown  that  this  larkspur  Is  most  virulent  In  Its  early  atnges  and  becomes 
mnch  less  active  toward  flowering  time.  The  Importance  of  the  functions  of 
elimination  in  bringing  about  recovery  Is  also  clearly  Indicated,  and  the  signifi- 
cance of  this  fact  In  harmonizing  the  varying  results  of  different  in  vest  lea  t  Ion  k 
la  |)olDted  out. — B.  T.  Galloway,  Chief  of  Bureau. 

1  Jleehan,  T.    Delphinium  BIcolor.    Meeban's  Monthly,  vol.  J2,  p.  1.    1902. 

'  Kept.  Comr.  Agr,  for  1865,  p.  510. 

*  Huth,  K.    Monographie  d.  Oattung  Delphinium.    Bot.  Jahrb.,  vol.  20,  i>.  322. 

isoa. 

'  Noxious  Weeds  and  How  to  Destroy  Them.  Qovemment  of  Northwest  Ter- 
ritory, Dept  Agr.  Bu3.  2,  p.  27.    1900. 

'  Chemot,  V.  K.  Preliminary  Catalocue  of  Plants  Polsonoua  to  Stock.  Ann. 
HM)t.  Bur.  Animal  Ind.,  ISW,  p.  40".  itHwIc 
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dew  from  Z),  brunonianum  is  said  to  poison  stock,  and  D.  vestitmn  is 
claimed  to  be  poisonous  to  goats."  Similar  repoils  come  fromFrance." 
Chesnut  and  Wilcox,  in  particular,  have  brought  this  subject  to 
public  attention,  Wilcox's  field  notes  and  post-mortem  records  being 
especially  suggestive.'' 

The  main  symptoms  seen  in  the  poisoning  of  sheep  by  Delphinium 
memiesii  were  a  stiffness  of  the  limbs,  with  awkward  gait;  associated 
with  this  were  involuntary  muscular  twifchings  and  loss  of  muscular 
coordination.  Convulsions  with  marked  rapidity  in  the  pulse  rate 
occurred.  The  respiration  became  shallow,  but  finally  rapid.  Wilcox 
fed  the  chloroform  and  benzol  extracts  of  the  dried  plant  to  sheep, 
causing  typical  symptoms.  He  also  called  attention  to  larkspur  poi- 
soning in  cattle, ■'  This  work  was  continued  by  Chesnut  and  WJlcox.* 
They  fed  and  injected  extracts  of  tall  larjtsptir  {Delphinium  glav- 
eum)  and  of  purple  larkspur  (Z>.  hicolor) ;  but  although  these  ex- 
tracts produced  some  symptoms  in  rabbits  and  in  sheep  they  failed  to 
kill. 

Nelson  pastured  a  sheep  during  May  in  an  area  in  whicli  Delphin- 
ium mensiesii  was  growing.  This  sheep  ate  all  the  Delphinium  .she 
could  obtain  herself,  and  in  addition  was  fed  1,133.&2  grams  more, 
but  showed  no  symptoms.  A  second  sheep  was  fed  1,111.3  grams 
of  the  fresh  plant  in  five  days,  but  showed  no  symptoms.  During 
the  experiment  this  animal  was  deprived  of  all  feed  save  the 
Delphinium.'  Irish  "  experimented  by  feeding  the  plants  growing  in 
May  to  steers,  feeding  the  tops  of  24  plants  of  D.  troUilfolium  to  one 
and  the'  roots  to  another  without  results.  He  also  fed  30  plants  of 
white  larkspur  without  results.  He  fails  to  state,  however,  how  long 
his  feeding  continued.  Glover's  experiments*  with  rabbits  were 
rather  misleading,  some  dying,  but  most  survived.  Gerlach  *  fed 
D.  consolida  to  sheep  without  results. 

"  Watta,  G.     Dictionary  of  Economic  Products  of  Iniiia,  vol.  .3.  pp.  (H.  70.     1890. 

»De1arord,  P.  Traits  aur  In  maladle  de  snng  ilea  Wltf»  &  luiiic,  Paris,  1A43, 
p.  173. 

f:  Wilcox,  E.  V.  I.arkspur  Poisoning  of  Sbeep.  Montnna  \gt.  Expt  Sta.  BuL 
l!i.     1897. 

'Wilcox,  B.  V.  PolBonous  PtaniM  of  Montana.  Montana  Agr.  Expt.  Sta.  Kul. 
22.  p.  45.     1809. 

cCliesnut,  V.  K..  and  Wilcox,  E.  V.  f^tcKk-PolKonEii);  Plants  of  Montana. 
II.  S.  Dept.  AST..  I>fv.  Botany,  Bui.  26,  |>.  C5.     1001. 

I  Neleon,  S.  B.  Feeding  Wild  Plants  In  Shwp.  Prop.  Sec.  Ann.  Meeting 
Asaoc.  Kxpt.  Sto.  Veterinarians.  18.08.  TT.  S,  Dept.  Agr..  Bur.  Animal  Inrt., 
Bui.  22.  p.  11. 

firlab,  P.  H.  Plants  Poisonous  to  Stock.  Oi-croii  Kxpt.  Stii.  Bui.  :{,  p.  '.Ki. 
1S89. 

*Glover,  G.  n.  Larkspur  and  Other  I'olsodous  I'lants,  Colorado  Agr.  Kxpt. 
Sta.  Bui.  113,  p.  17.     ItlOd. 

*  Dammann,  C.    Gesundlieltsptlege,  lKS<i,  p.  Hil. 
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LAXOKATOBT  EXPEBTHENTS  WITH  DELPHmrUK  CAICPOBUH. 

Specimens  of  Delphinium  camponim  were  sent  from  Fort  Collins, 
Colo.,  for  testing  in  the  laboratory  of  Poisonous-Plant  Investigations. 
Five  grams  of  the  dried  and  powdered  plant  were  accurately  weighed 
and  then  extracted  over  night  with  20  c.  c.  of  water  and  10  c.  c.  of 
95  per  cent  alcohol.  The  alcohol  was  added  mainly  as  a  preservative. 
The  following  day  the  extraction  an^  squeezing  were  continued  until 
the  fluid  became  colorless.  The  fluid  was  evaporated  on  the  next 
day  in  vacuo  at  about  40°  C,  and  the  residue  was  dissolved  in  water 
and  made  up  to  30  c.  c. — perfectly  arbitrary  figures.  Of  this  aque- 
ous solution  1  c,  c.  injected  subcutaneously  into  a  guinea  pig  weigh- 
ing 730  grams  caused  no  disturbance,  and  3  c.  c.  were  also  without 
effect,  whereas  6  c.  c.  killed  the  same  guinea  pig  in  5r>  minutes.  A 
solution  of  4  c.  c.  injected  into  a  guinea  pig  weighing  352  grams 
caused  no  symptoms,  while  0  c.  c.  injected  into  another  guinea  pig 
weighing  285  grams  killed  in  33  minutes.  Later,  5  c.  c.  killed  a 
guinea  pig  weighing  196  grams  in  55  minutes,  while  4  c.  c.  injected 
into  a  guinea  pig  weighing  299  grams  gave  no  symptoms.  Evi- 
dently the  lethal  dose  of  this  solution  lies  between  4  and  5  c.  e.  The 
solution  used  in  the  above  experiments  was  made  from  plants  col- 
lected on  April  26,  1905. 

On  May  16  another  lot  of  material  was  collected,  and  a  solution 
corresponding  to  4  c.  c.  of  the  first  batch  was  injected  into  a  guinea 
pig  weighing  455  grams  without  producing  any  symptoms.  However. 
5,3  c.  c.  of  this  solution  killed  a  guinea  pig  weighing  350  grams,  but 
a  much  longer  period  elapsed  before  death  occurred  than  with  the 
extract  of  the  first  material. 

In  June  another  lot  of  material  was  collected,  and  a  solution  of 
this  corresponding  to  4  c.  c.  caused  no  symptoms  in  a  guinea  pig 
weighing  376  grams;  5.3  c.  c.  caused  no  symptoms  in  a  guinea  pig 
weighing  500  grams,  and  6.6  c.  c.  was  inactive  in  a  guinea  pig  weigh- 
ing 480  grama.  Of  the  dried  material  10  gi-ams  were  then  extracted, 
and  killed  a  guinea  pig  weighing  320  grams  only  after  about  10 
hours,  A  control  amount  of  plain  distilled  water  failed  to  kill. 
The  lethal  dose  is  evidently  much  higher  than  in  the  second  stage. 

There  is  no  question  as  to  the  fact  that  Delphinium  when  injected 
subcutaneously  will  kill,  and  these  experiments  also  establish  the  fact 
that  the  plant  loses  much  of  its  toxicity  as  it  approaches  the  flowering 
stage.  It  has  been  noted  that  Delp/iinivm-  con»ol)da  is  also  less  active 
when  mature." 

Just  after  flowering,  the  purple  larkspur  turns  yellow  and  ceases  to 

"  I>Hiuiiiann,  C.    Uetiuii(lbeltMiiQet!:e,  188(i.  p.  107:2. 
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be  attractive,  so  that  there  is  less  danger  of  poisoning,'  although 
Chesnut  and  Wilcox  report  a  death  in  cattle  from  eating  Delphinium 
glaucum  in  September.^  The  great  danger  early  in  the  season  seems 
to  arise  from  the  fact  that  the  Delphinium  appears  early  in  the 
spring,  and  the  ground  may  again  be  covered  with  snow,  so  that  it  is 
the  only  green  plant  in  sight,  and  therefore  when  in  an  especially 
poisonous  stage  it  is  eaten  by  cattle. 

A  rabbit  weighing  2,409.66  grams  was  fed  January  28,  1907,  with 
a  concentrated  aqueous  extract  corresponding  to  16.6C  grams  of  the 
dried  plant  in  the  second  stage.  No  symptoms  resulted.  On  Janu- 
ary 30  the  animal  weighed  2,377.15  grams. 

On  January  28, 1907,  a  second  rabbit,  weighing  1,658.35  grams,  was 
fed  with  a  similar  extract  of  33.33  grams,  but  no  .symptoms  resulted. 
Two  days  later  the  animal  still  weighed  1,658.35  gram.s. 

On  February  1,  1907,  the  first  rabbit  was  fed  an  aqueous  extract  of 
80  grams,  and  it  died  in  53  minutes  with  convulsions.  Previous  to 
death,  paralysis  of  the  voluntary  muscles  was  well  marked.  The 
stomach  of  this  animal  was  markedly  reddened. 

A  rabbit  weighing  1,984.41  grams  on  February  6, 1907,  was  starved 
24  hours  and  then  fed  an  extract  of  50  grams  of  the  same  plant  at 
9.45  a.  m.  At  11.50  a.  m.  the  animal  was  dull  and  was  lying  with 
its  chin  resting  on  the  floor ;  at  12.25,  legs  paralyzed ;  3.04,  the  animal 
urinated,  chin  still  resting  on  the  floor;  3.57,  the  animal  could  push 
itself  around  with  hind  legs.  The  following  day  the  rabbit  appeared 
normal.  ,0n  February  11  it  weighed  1,899.39  grams;  February  12, 
1,956.07  grams;  February  13,  2,012.75  grams;  March  11,  1,984.41 
grams. 

On  February  13,  1907,  a  well-fed  rabbit,  weighing  2,097.77  grams, 
which  had  been  in  the  laboratory  for  some  time,  was  fed  by  stomach 
tube  an  aqueous  extract  of  50  grams  of  the  same  plant.  This  animal 
was  observed  continuously  for  6  hours  and  appeared  perhaps  only 
slightly  duller.  He  ate  during  the  night,  and  weighed  2,119.94  grams 
on  February  14.  During  the  night  no  stools  were  passed.  On  Febru- 
ary 16  this  rabbit  weighed  1,970.24  and  <m  February  21,  2,012.75 
grams. 

The  urine  passed  tlie  fir-st  24  hours  after  feeding  was  alkaline. 
Some  of  tliis  was  sliaken  with  chloroform  and  on  evaporation  was 
taken  in  acid,  water.  On  evaporating  off  tlie  acid,  the  watery  solution 
was  injected  siibcutaneously  into  a  guinea  pig  weighing  467.76  grams, 
but  produced  no  symptoms.     The  urine  secreted  in  the  following  24 

''WII<-ox.  E.  V.  Plant  Polionlng  of  Stnck  In  Montnno.  T'.  8.  IVfrt.  Art..  Bur, 
Anlnml  Intl..  litli  .Ann.  Kept..  1000.  p.  !»!. 

*('lit«mit.  V.  K..  mill  Wilcox,  K.  V.     Slm-k  rolniininiE  Plrtntfl  (if  Moiitflna.  p.  )!". 
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hours  was  added  to  the  first  and  the  whole  shaken  out  with  benzol. 
This,  after  taking  up  with  acid  water,  was  injected  into  the  same 
^inea  pig.  The  animal  soon  became  very  dull,  walking  with  wad- 
dling gait  when  forced  to  move,  being  evidently  affected  by  the 
poison.  Two  days  later  the  animal  was  normal.  The  urine  of  a 
control  rabbit,  similarly  shaken  with  benzol,  produced  no  sudi  symp- 
toms in  this  guinea  pig. 

On  February  11,  1907,  an  aqueous  extract  of  5  grams  was  injected 
subcutaneously  into  a  rabbit  weighing  666.14  grams.  An  hour  and 
three  minutes  later  the  animal  was  unable  to  stand,  and  soon  devel- 
oped convulsive  movements  of  the  limbs.  This  animal  was  expected 
to  die  ai  any  time  during  the  afternoon,  but  gradually  improved  and 
appeared  slightly  duller  than  normal  the  following  day.  On  Feb- 
ruary 13  it  weighed  613.61  grams;  February  25,  595.29  grams;  and 
on  March  16,  552.78  grams,  showing  a  steady  diminution  in  weight. 

An  extract  of  9.5  grams  injected  subcutaneously  into  a  rabbit 
weighing  2,182.79  grams  was  without  immediate  effect. 

An  aqueous  extract  of  20  grams  when  injected  into  a  rabbit  weigh- 
ing 481.98  grams  soon  caused  paralysis  of  the  limbs,  and  the  rabbit 
died  in  32  minutes. 

On  February  11,  1907,  a  rabbit  weighing  1,417.46  grams  was 
opened  under  ether,  and  the  mouths  of  the  ureters  were  tied  off, 
together  with  the  bladder,  to  prevent  elimination  by  the  urine.  An 
aqueous  solution  corresponding  to  34  grams  of  the  same  plant  was 
then  fed  by  mouth.  This  animal  remained  dull  all  the  afternoon, 
and  at  4.45  p.  m.,  4  hours  and  45  minutes  after  the  feeding,  he  was 
resting  with  his  chin  on  the  cage.  He  was  found  dead  and  stiff  at 
9.15  p.  m.,  having  evidently  died  some  time  previous.  A  post-mortem 
showed  the  ureters  distended  and  sharply  outlined. 

Another  rabbit  weighing  1,743.37  grams  was  prepared  in  a  similar 
manner  by  tying  off  the  ureters  and  bladder  and  was  fed  with  an 
extract  of  50  grams.  In  1  hour  and  47  minutes  this  animal  was 
paralyzed  and  unable  to  stand,  breathing  very  slowly,  and  died  6 
minutes  later.  The  ureters  were  found  dilated  as  in  the  previous 
ca.se,  and  the  stomach  was  slightly  reddened. 

A  control  for  these  two  rabbits  was  prepared  in  a  similar  manner 
at  the  same  time  as  the  others.  Nine  hours  after  the  operation,  when 
the  two  rabbits  which  were  fed  the  Delphinium  were  dead,  this  rab- 
bit was  bright  and  running  about,  but  was  then  killed  with  chloro- 
form to  prevent  suffering. 

In  these  cases  it  is  necessary  to  consider  not  only  the  effects  of  non- 
elimination  but  also  the  fact  that  the  power  which  the  liver  possesses 
of  storing  up  and  removing  injurious  bodies  from  the  circulation  may 
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be  interfered  with,  as  Mosse"  has  proved  that  starved  and  nephrecto- 
Tnized  rabbits  show  histological  changes  in  the  liver  cells. 

On  February  20,  1907,  a  well-fed  rabbit  weiring  1,403.29  grams 
was  etherized  for  12  minutes  and  then  fed  an  extract  of  50  grams 
to  see  if  the  increased  toxic  action  of  the  plant  was  due  to  any  inter- 
ference with  the  metabolism  caused  by  the  ether.  On  February  23 
this  animal  showed  no  symptoms,  weighing  1,360,78  grams,  and  on 
February  25  the  weight  was  1,403.29  grams.  The  urine  collected  in 
60  hours  was  shaken  with  benzol,  as  it  had  previously  been  found  that 
much,  if  not  all,  of  the  active  principles  of  Delphinium  ca-mporum, 
goes  into  the  alkaline  benzol  shaking  by  the  Dragendorff  method. 
The  residue  from  the  benzol  evaporations  wa-s  then  taken  up  with 
acetic  acid  water.  On  removing  the  acid  by  heat  a  few  drops  were 
injected  into  the  dorsal  lymph  sac  of  a  male  frog  {RaTia  clamitans) 
weighing  35  grama.  Thiw  animal  soon  became  paralyzed  and  was 
unable  to  move,  but  recovered  over  night.  The  following  day  a  few 
more  drops  were  injected  with  the  same  result,  showing  that  some  of 
the  active  principle  of  the  Delphinium  was  eliminated  with  the  urine. 

From  these  experiments  it  can  be  seen  that  aqueous  extracts  of 
Delphinium  camporum  will  kill  rabbits  on  subcutaneous  injection, 
and  also  by  mouth  if  the  dose  is  large,  while  much  smaller  doses 
will  kill  if  the  elimination  Ls  interfered  with,  as  by  tying  off  the  ure- 
ters, or  after  starving,  a  condition  which  intensifies  the  action,  prob- 
ably by  accelerating  absorption.  What  seems  to  be  the  cause  of  the 
uncertainty  in  the  results,  especially  in  the  lack  of  striking  results  in 
the  feeding  experiments,  is  that  no  consideration  was  given  to  the  fact 
that  the  poisoning  in  this  case  may  be  simply  the  resultant  of  the 
excretion  and  absorption  of  the  plant ;  in  other  words,  that  very  little 
of  the  plant  may  be  taken  up  by  the  gastro-intestinal  tract  and  that 
this  may  be  eliminated  by  the  kidneys  before  a  poisonous  dose  has 
been  absorbed,  so  that  the  question  of  poisoning  becomes  one  of 
rapidity  of  absorption.  This  is  well  known  to  be  tlie  case  with 
curare,  where  the  administration  by  mouth,  except  in  large  doses,  is 
not  likely  to  prove  poisonous  unkss  the  elimination  is  interfered  with 
as  by  tying  the  ureters.''  Consequently  the  conditions  most  favorable 
for  poisoning  on  the  range  would  be  those  which  aid  the  more  thor- 
ough extraction  of  the  poisonous  principle  from  the  plant  by  the 
gastro-intestinal  tract,  thus  favoring  absorption,  and  those  which 
interfere  with  the  elimination  by  the  kidneys  or  interfere  with  the 
storing  of  the  poison  by  the  liver,  as  renal  and  hepatic  disease  or  lack 
of  salts,  which  normally  increase  diuresis. 

"  Mowte,  M.     Ueber  LeberaeUenverilnderun(;en  nepbrektomierter  n.  huDicern- 
(ler  Tlilere.    Zells.  f.  Kiln.  Med.,  vol.  00,  p.  373.     ISHW. 
»  Bninton.  T.  L.    Text-Book  ot  Pharni neology,  3<l  wL,  London,  isns,  p.  38. 
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A  striking  feature  iibout  these  rabbits  is  that  in  some  cases  while 
the  dose  was  not  sufficient  to  kiii  immediately  they  gradually  lost 
in  wei^t,  probably  a  direct  result  of  the  irritation'  of  the  gastro- 
intestinal tract.  This  condition  may  find  its  parallel  in  stock  re- 
moved from  a  Delphinium  area.  Knowles  ■  and  Wilcox  *  have 
claimed  that  the  inhalation  of  a  few  drops  of  ammonia  and  the  hypo- 
dermic injection  of  atropin,^to  ^  gram  (1  mg.  to  15  mg.)  for  sheep, 
or  1  gram  (60  mg.)  for  cattle,  is  the  most  effective  medicinal  treat- 
ment. Elimination  by  purgatives  and  diuretics  may  aid.  If  pos- 
sible, absorption  from  the  gastro-intestinal  tract  should  be  hindered, 
perhaps  by  lard,  but  the  real  treatment  is  preventive. 

One  member  of  the  genus  Delphinium,  D.  staphimgria,  has  been 
studied  carefully,  and  a  number  of  bases  (deiphiniu,  delphinoidin, 
staphisagrin)  isolated,  but  much  is  still  to  be  desired  in  the  way  of 
exact  knowledge  concerning  these  bodies."  Delphinin  has  a  local  irri- 
tative action.  Its  syst«mic  action  is  mainly  paralytic  on  the  heart  and 
respiration,  and  resembles  that  of  aconitin  in  many  respects,*  Post- 
mortem examinations  in  poisoning  by  mouth  with  this  body  showed 
marked  reddening  of  the  stomach.  In  a  number  of  Van  Praag's 
experiments  with  feeding  solutions  of  Delphinium  a  marked  increase 
in  urinary  secretion  was  noted."  Delphinium  consolida  has  also  re- 
ceived some  attention  chemically,'  while  D.  leroyi,  D.  peregrinum^ 
and  D.  mauritanicum  have  been  shown  to  produce  poisoning 
experimentally." 

Recentlj'  Delphinium  hicplor.  D.  memieMl/,  D.  nelsonii,  and  D. 
gcojyulorum  stachydeum  have  been  found  to  yield  an  alkaloid,  delpho- 
curarin,*  which  has  been  introduced  as  a  substitute  for  curare-  in 

•  Knowles,  M,  E.  E/BrkBpar  PoiBonlng  In  Slieep  and  Cuttle.  New  York  Med. 
Jonr..  vol.  C6,  p.  271.     18117. 

^WIlcos,  G.  V.     Larkspur  Poisoning  of  Sbecp.  p.  45. 

■^  Dragendorff  and  Marquis.  Ueber  d.  Alkalolde  dea  E)elph[nluuiR  stapbls- 
agrla.    Arrh.  r.  Eip.  Path.  u.  Pharmakol.,  vol.  7,  p.  55.     1877. 

Kara-Stojalow.  C.  Ueber  d.  Alkalolde  d,  Delpblnluin  slaphlHagrln.  I'Lurni. 
Zelts.  r.  Roasland.  1880.  vol.  29.  pp.  G28,  Ml,  657,  673,  680,  705,  721. 

'Tamburinl,  N..  and  Leone.  A.  Azoine  flslol.  della  DelBnlna.  Glor.  Inteniaz. 
d.  Scl.  Med.,  n.  9..  vol.  3,  p.  985.     1881. 

Orflla.  M.    Traltf  de  toilcologle,  5  ed.,  vol.  2.  p.  138,     1802. 

•  Van  Praag.  J.  L,  Delphinin.  Arch.  f.  Pulb.  Anat.,  vol.  (!.  p.  430.  \8:a. 
Sereok.  J.  Beltr.  z.  Keuut.  d.  DelpUlnlns.     Dorpiit  Dlas.     1874. 

Dnrbel,  A.  Rei'bercb.  Cblm.  et  pbyslol.  Rur  lea  alcaloldeH  du  I>elpblnluui 
HtapblaaKTla.    MontpelHer.    Tb?se.     1864, 

'  Maalng,  E,  Ueber  d.  Alkaloid  d,  Feldrltterspoms.  D,  consolida,  Pbanu. 
Zelts.  f.  RusBland,  toI,  22,  p.  3a     1883. 

sRocbebnine.  A.  T.  de.    Toxicol.  Afrlcane,  vol.  1.  pp.  1.12,  101,  353.     I8.0fi. 

»Felnde  der  Haustltre  ond  Ibre  glHige  Prlncipen  (Etelpbocurarln).     Pharra. 
Uentr.,  vol.  44,  p.  B13.    1903. 
ill-i 
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vivisection  work,  and  thia  introduction  is  indorsed  by  Lohmann's 
work." 

Schiller "  corroborates  Lohmann's  results,  but  claims  that  curare  is 
efficient  for  muscle  physiological  work  in  smallei^  doses  than  is  the 
d^Iphinin  of  Heyl. 

This  use  of  Delphinium  certainly  offers  a  field  which  should  be 
investigated  commercially,  as  curare  is  likely  to  be  uncertain  in  its 
action."  Methyl  delphinin  is  said  also  to  possess  this  curare-iike 
action.* 

The  coloring  matter  of  the  flowei-s  of  Delphinium  zalil  has  been 
utilized  as  a  dye."  Other  Delphiniums,  such  as  D.  ajacis,  have  been 
recommended  for  insecticidal  uses,  and  especially  on  account  of 
cheapness.' 

Froggatt  states  that  common  garden  larkspur  will  kill  locusts,  and 
advises  planting  them  in  masses  around  gardens  and  orchards  to  pro- 
tect against  the  ravages  of  these  insects.'  The  seme  claim  is  made 
as  to  its  action  against  grasshoppers.' 

Delphinium  ooeruleum  has  been  used  to  kill  maggots  and  D.  bruno- 
nianum  to  destroy  ticks.*  This  latter  plant  has  been  used  to  some 
extent  as  a  substitute  for  musk. 

a  Lobmann,  A.  Uotera.  ilber  d.  Verwerthb.  eines  Delpblnln  pr3p.  an  Stelle  d. 
Curare  In  d.  mnskelphrs.  Tecbnik  PflQger'e  Areb.  f.  Ges.  Fbyblol.,  vol.  92, 
p.  473.    1802. 

b  Scblller,  V.  Ueber  d.  pbyelol.  Wlrkungen  d.  DelphiniuB  (Heyl).  Arcb.  (. 
Anat  u.  PbysloL.  Physiol.  Abtbell.,  p.  24S.  1«M. 

c  Merck.  E.    Ann.  Reports.  1902.  vol.  16,  p.  48. 

i  Kobert.  R.    Lebrb.  d.  Intox.,  2d  ed.,  p.  1185. 

«  AltcblBOD,  J.  E.  T.  Some  Plants  of  Afgbanlstan.  Pbarm.  Jour,  and  Trane., 
vol.  17,  p.  460.     1887. 

f  Amer.  Jonr.  Pbann..  vol.  55,  p.  50.     1883. 

ff  Froggatt,  W.  W.  Plague  Locusts.  Agr.  Qaz.  New  South  Wales,  vol.  11,  p. 
181.     1901. 

»  Bailey,  J.  V.    Hemp.    Queensland  Agr.  Jonr.,  vol.  2,  p.  200.    1898, 

<  Watts,  G.  Dictionary  of  Ek»nomlc  Products  of  India,  vol.  3,  pp.  64^-65.  1890. 
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THE  FIBERS  OF  LONG-STAPLE  UPLAND 
COTTONS. 

By  U.  A.  Ali^bd,  Scientific  Aisi^ant,  Collon  Breeding  lui^edigationt. 


VNZVOBXZTT  OF  OOTTOIT  7ZBXB8. 

Id  investigationa  in  cotton  breediog  where  an  improvement  ia  cer- 
tain lint  characters  is  desired  several  factors  must  be  carefully  consid- 
ered. Among  tbeae,  some  of  the  most  important  are  fineness  of  lint, 
the  relative  yield  of  lint  to  the  total  yield  of  seed  cotton,  and  the  uni- 
formity of  length  of  all  the  fibers  when  properly  combed  out  and 
examined.  The  last  character,  uniformity  of  length,  is  a  most  impor- 
tant one  and  baa  much  to  do  with  subsequent  waste  and  the  produc- 
tion of  good  yarns  in  the  process  of  manufacture. 

On  Plate  II  are  illustrations  of  cotton  seeds  with  fibers  combed  out 
to  show  uniformity  and  nonaniformity  in  the  length  of  the  fibers. 
The  seeds  to  Vaa  left  (A)  show  very  poor  uniformity  and  are  of  the 
"butterfly"  type,  as  they  are  commonly  called.  In  marked  contrast, 
the  seeds  to  the  right  (B)  show  excellent  uaiformity  as  a  result  of 
several  generations  of  careful  selection. 

APPABSMT  I.&OK  OT  UNIFOIUnTT  ASIt  ITS  OCOXTSRSHOX. 

There  is  an  apparent  lack  of  uniformity  which  deserves  consider- 
able attention  from  the  standpoint  of  cotton  growers  and  breeders. 
Plate  III  illustrates  this  character,  although  it  is  more  strikingly 
brought  out  in  the  operation  of  detaching  the  seed  from  the  lock. 
From  the  illustration  there  would  appear  to  be  a  great  lack  of  uni- 
formity, due  to  a  group  of  fibers  about  twice  the  length  of  the  general 
covering.  This  group  ariacA  from  the  center  of  the  main  body  of 
fibers  or,  often,  from  those  having  a  point  of  attachment  near  the 
lai^r  end  of  the  seed.  This  character  is  usually  associated  with  the 
finer,  more  crinkly  types  of  long-staple  cottons,  such  as  the  fine,  long- 
lint£d  Egyptian  and  Sea  Island  varieties  and  the  long-staple  Upland 
varieties — Griffin,  Allen,  Cook,  etc.  It  is  a  character  which  becomes 
more  apparent  as  a  variety  is  being  rigidly  selected  generation 
after  generation  for  finer,  longer  staple.  This  has  been  well  illus- 
trated in  the  improvement  of  the  lint  characters  of  the  Russell 
variety  and,  to  some  extent,  the  Jones  variety.     The  orginal  condition 
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of  both  of  thesQ  varieties  is  remarkably  free  from  thifi  so-called  longer 
group  of  fibers.  In  the  case  of  the  greatly  improved  Russell  strain, 
which  has  become  distinctive  enough  in  good  Jlnt  characters  and  yield 
to  be  designated  as  a  new  variety — the  so-called  Columbia  cotton — 
these  longer  fibers  are  evident  to  a  remarkable  degree. 

THE  TBUE  HATUBX  OF  THE  IiONOEB  7IBBBS. 

It  has  been  more  or  less  the  rule  with  co((on  breeders  and  cotton 
growers  acquainted  with  the  requisites  of  desirable  lint  characters  to 
r^^rd  these  extra-long  fibers  as  an  unfavorable  feature.  In  this  light 
they  meant  a  variation  toward  nonuniformity.  In  the  work  of  selec- 
tion, to  avoid  as  much  as  possible  a  perpetuation  of  this  sort  of  varia- 
tion, plants  showing  this  character  most  markedly  were  regarded  with 
suspicion  and  later  even  discarded,  although 
in  other  respects  they  were  among  the  best  in 
the  field. 

A  careful  examination  leads  to  the  conclusion 
that  these  fibers  should  be  regarded  in  a  wholly 
different  light.  They  are  not  longer  Jihers  as 
they  have  been  generally  considered^  hut  ai'e 
Flo.  1.— single coiioii  flbi-ra  [rom  caused  Jnf  more  lyr  Use  curling  and  ijiterweaving, 
the  «K»nea  longer  Broup  o!    ,oA/cA  result/s  in  the  pulling  Out  of  fibers  from 

adjacent  seeds. 
In  the  ordinary  manner  of  stretching  the  locks  to  determine  the 
drag,  the  fibers  are  slowly  separated  and  drawn  out,  and  at  those  points 
of  greatest  binding,  an  shown  in  Plate  II,  C,  a,  b,  and  c,the  groups  of 
loiter  fibers  appear  to  rise.  If,  now,  a  single  seed  is  selected  and 
detached  from  the  rest  and  the  entire  group  of  fibers  loosened  from 
its  attachment  to  the  seed 
coat  in  the  neighborhood  of 
the  longer  groups,  one  can 
with  fine  forceps  draw  these 
fibers outcarefully  and  com- 
pare their  length  with  those 
of  the  rest  of  the  seed. 

In  many  instances  the  sin- 
gle fibers  now  readilv  sepa- 
rate,  since    the  tension   of 

pulling  has  ceased.  Several  of  these  single  fibers  are  shown  in  figure  1. 
In  some  instances  fibers  nearly  twice  the  normal  length  are  drawn  out. 
Oftentimes  with  the  naked  eye  the  point  of  union  or  tying  may  be 
discerned  by  the  tiny  loose  ends,  as  is  shown  in  figure  2.  In  other 
cases,  however,  this  point  of  union  is  so  intimate  that  only  a  high 
microscopic  jwwer  can  make  it  evident.     Hgure  3  illustrates  various 


sdbvCoO^^lc 


in 

=■5     « 


sdbvGoo^^lc 


,db,GoOglc 


a  OF  Cotton  Combed  Out  to  Show  the  So-called  L 

^.—Columbia  variety,    it.— GrlSn  vaiiely. 


D„ii„.db,Go(5glc 


,db,GoOglc 


THE   FIBERS   OF   LONG-STAPLE  UPLAND   COTTONS. 


15 


degrees  of  this  tyiag  or  carting  t<^ther,  aa  seen  when  greatly  mag- 
nified.  In  figures  1  and  2  single  and  united  fibers,  respectively,  of 
natural  length  are  shown,  'but  the  diameters  are  of  necessity  much 
greater  than  normal,  owing  to  the  exceeding  fineness  of  the  fibers. 

The  drag  of  cottons  showing  the  longer  fibers  previously  described 
gives  a  more  extended,  -elastic  tension  than  is  manifest  among  the 
short-staple  varieties.  It  is  probable  that  breeders  may  find  this 
character  a  useful  one  in  indicating  a  tendency  toward  increased 
length,  fineness,  and  ciinkliness  of  staple  in  the  individuals  in  which 
it  occurs  most  noticeably — an  indication  of  better  spinning  quality. 

It  is  important  that 
breeders  and  grow- 
ers of  long-staple 
cottons  should  know 
that  these  apparently 
longer  fibers  are  no 
indication  of  true 
lack  of  uniformity. 
The  presence  of  these 
fibers  in  the  long-  , 
staple  Upland  varie- 
ties has  quite  univer- 
sally led  to  the  erro- 
neous belief  ^hat  such 
cottons  are  rather 
inferior  in  uniformity  as  regards  length  of  fibers.  The  Grifiio  cotton, 
in  particular,  recognized  in  other  respects  as  the  best  long-ataple 
Upland  cotton  grown,  has  always  been  described  as  decidedly  unuatiu- 
factory  so  far  as  uniformity  in  length  of  staple  is  concerned,  since  the 
drawing  out  of  fibers  from  adjacent  seed  is  a  marked  characteristic  of 
this  variety. 

A  knowledge  of  the  true  nature  of  these  longer  fibers  will  clear  the 
reputation  of  some  of  the  best  long-staple  Upland  varieties  of  a  seri- 
ous fault  hitherto  wrongly  attributed  to  them  by  all  breedei-s  and 
growers. 

21621— Bui.  111—07 2 
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DVTBODITOTXOK. 

During  the  calendar  year  1906  the  United  States  exported  3,615,873 
pounds  of  clover  seed,  and  during  the  latter  half  of  the  same  year 
imported  6,306,561  pounds,  the  exports  for  the  year  being  only  a 
a  Uttle  more  than  one-half  the  imports  for  six  months.  The  same 
condition  holds  true  with  alfalfa  seed,  the  imports  far  exceeding  the 
exports.  The  relatively  large  importation  of  these  seeds  results 
from  short  crops  in  this  country  and  a  constantly  increasing  demand 
on  account  of  the  new  land  being  brought  under  cultivation  and  the 
extension  of  diversified  farming. 

Illustrations  of  typical  samples  of  imported  red  clover  and  alfalfa 
seed  of  good  quality  and  that  of  low  grade  are  shown  in  Plate  IV. 

WHT  U>W-aBADS  SEED  IB  nCFOBTED. 

In  Europe  seed  testing  has  been  gradually  growing  in  favor  for 
forty  years  and  is  now  recognized  as  an  important  aid  to  agriculture. 
All  the  European  countries,  with  the  exception  of  Spain  and  Turkey, 
have  seed-testing  stations,  varying  in  number  from  one  in  Italy  to 
twenty-eight  in  Germany.  Each  of  them  has  the  necessary  equip- 
ment for  making  complete  tests  of  seed,  both  for  mechanical  purity 
and  forgermin&tion. 

The  test  for  mechanical  purity  as  conducted  in  these  stations 
includes  not  only  the  determination  of  the  percentage  of  pure  seed 
and  of  other  seeds  and  dirt,  but  also  the  size  and  source  of  the  seed. 
The  source  of  the  seed  is  determined  by  the  characteristic  weed  seeds 
which  are  found.  While  errors  are  no  doubt  made,  these  determi- 
nations are  of  great  value  in  showing  that  at  least  a  part  of  the 
seed  was  raised  in  a  certain  section,  and  they  furnish  information  as 
to  the  probable  adaptabihty  of  the  seed  to  local  conditions.  Through 
the  work  of  these  stations  the  people  have  come  to  appreciate  the 
importance  of  good  seed,  and  as  the  greater  part  of  that  now  used  in 
Europe  is  sold  on  the  basis  of  accurate  tests  for  mechanical  purity  and 
germination  the  sale  of  low-grade  seed  has  been  greatly  reduced. 

A  similar  condition  exists  in  Canada,  where  there  is  a  strict  law 
governing  the  quality  of  seed  sold.     In  this  country,  however,  only 
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three  States  hare  any  effective  legislation  restricting  the  s&le  of  seeda 
within  their  borders.  Several  of  the  agricultural  ext>enment  stations 
are  preparing  to  undertake  seed  testing,  but  their  equipment  is  limited 
and  the  number  of  samples  handled  is  small.  At  present  there  are  no 
Federal  restrictions  on  the  importation  of  low-^^rade  and  worthless 
seed.  As  a  natural  result  the  United  States  has  become  the  dumping 
ground  for  the  poor  seed  of  Canada  and  Europe. 

AVALTHES  07  HEPOBTSD  liOW-OBASE  BXKDp. 

BED  OLOTEB. 

Table  I  gives  the  analyses  of  sixty-K)n6  lots  of  low-grade  red  clover 
seed  imported  during  the  fiscal  year  ended  June  30,  1906,  amounting 
to  990,809  pounds.  The  total  importations  of  red  clover  seed  for  the 
same  period  amounted  to  7,498,2S7  ptounds,  so  that  the  Tow-grade 
seed  furnished  about  one-eighth  of  the  total.  These  low-grade 
importations  contained  seed  enough  to  sow  approximately  126,000 
acres  at  an  average  rate  of  seeding.  This  seed  is  for  the  most  part 
small-sized,  light-weight  screenings.  A  practical  failure  must  be 
expected  whenever  seed  of  this  quality  is  used,  either  from  not 
securii^  a  stand  on  account  of  poor  germination  or  from  smothering 
with  introduced  weeds. 
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In  more  than  one-half  of  the  sixty-one  samples  of  which  an  analy- 
sis is  given  the  weight  of  1,000  seeds  is  less  than  a  gram,  while  1,000 
good  plump  seeda  weigh  1)  grams  or  more.  These  lots  contain  an 
average  of  only  43.1  per  cent  of  lire  red  clover  seed  and  much  of  the 
seed  that  will  germinate  is  worthless  for  seeding  purposes,  as  it  is  of 
smalt  size,  immature,  and  of  low  vigor. 

It  is  often  claimed  that  seed  of  this  kind  is  imported  to  be  recleaned 
before  it  is  put  on  the  market.  This,  however,  can  not  be  the  case, 
as  in  the  importatiomi  referred  to  the  average  cost  of  the  red  clover 
seed  that  will  grow  is  (20.39  per  hundred  pounds  on  the  bafiia  of  the 
average  import  price  of  $7.61  per  hundred  pounds.  At  the  time 
this  seed  was  imported  five  lots  of  high-grade  seed  were  offered  for 
sale  to  the  Department  of  Agriculture  at  an  average  price  of  S15.05 
per  hundred  pounds,  the  average  cost  of  the  red  clover  seed  that 
germinated  being  $15.59  per  hundred  pounds.  In  other  words,  one 
m_in  .otitic 
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hundred  pounds  of  seed  that  would  grow  of  the  best  quality  cost 
Sl5.5d,  while  one  hundred  pounds  that  would  grow  of  the  poorest 
quality  was  imported  at  a  cost  of  (20.39. 

This  low-grade  seed  always  carries  a  lai^e  number  of  weed  seeds, 
fifty  kinds  being  found  in  each  of  two  lota.  Of  that  from  Germany 
all  but  five  lots  contained  dodder  seed. 

In  sowing  seed  of  the  average  quality  shown  in  Table  I  at  the  rate 
of  8  pounds  to  the  acre  there  would  be  about  nine  weed  seeds  sown 
per  square  foot,  including  three  dodder  seeds  to  every  2  square  feet. 

Below  is  given  the  number  of  each  kind  of  weed  seeds  found  in 
the  lots  an  analysis  of  which  is  given  in  Table  I. 


Sampiena.  2945.— Black-seeded  pl&nUin,  95,580;  lady'e-thumb,  1,630;  knotweed, 
90;  spurge,  1,440;  mayweed,  450;  catmint,  180;  green  foxtail,  4,320;  yellow  tojtail, 
450;  buckhom,  1,890;  bracled  plantain,  540;  chickweed,  270;  curled  dock,  1,260; 
bitter  dock,  540;  eorrel,  SIO;  healall,  540;  pcppergTaas,  360;  wild  carrot,  360;  spiall 
crab-gnus,  G,4S0;  crab-graaB.  5.670;  alender  pa^palum,  1,350;  pennyroyal.  2.700; 
stink-grass,  90;  yellow  trefoil,  540;  five-finger.  ISO;  barnyard  grasa.  90;  spiny  sida, 
90;  Hedge,  90;  threc-Beeded  mercury,  270;  ver\-ain.  720;  tumbling  amaranth,  1,620; 
rough  pigweed,  900;  lamb's-quarters.  1,080;  witch-graas.  7,470;  spresding  panicum, 
990;  prickly  lettuce.  90;  other  weed  secda,  3,420. 

Total' weed  seeds  to  the  pound,  144,460. 

Sample  Ho.  SS4e.~Buckbom.  )6,2O0;  clover  dodder.  38,160;  wild  carrot,  5,256; 
healall.  4.608;  low  hop-clover,  648;  plantain,  72;  Biirrel,  2,808;  yellow  trefoil,  144; 
wild  chicory,  432;  vervain,  432:  field  camomile,  360;  mayweed,  72;  woodrusli,  72; 
mouse-ear  chickweed,  72;  larab's-quarterfl,  72;  hawkweod  picris,  72;  round-leaved 
toad-flax,  72;  small-flowered  crane's-bill,  216;  bird's-foot  Irefoil,  72;  other  weed  seeds, 
1,728. 

Total  weed  seeds  to  the  pound,  71,568. 

Sample  Ho.  SMT.— Buckhom,  13.860;  black-seeded  phmtaia,  3,150;  bracted 
plaDlain,  90;  plantain,  90;  yellow  trefoU,  540;  clover  dodder,  3,600;  ChUean  clover 
dodder,  540;  wild  carrot,  3,060;  sorrel,  1,350;  curled  dock,  270;  vervain,  1,080;  white 
vervain^  180;  green  foxlail,  810;  larab's-quartere,  810;  healall,  630;  birdVfoot  tre- 
foil, 360;  hop-clovor,  360;  low  hop-clover,  90;  wild  chicory,  270;  kidney  vetch.  90; 
witch-grass,  180;  knotweed,  180;  lady's-thumb,  90;  small  crab-graaa,  90;  ox-tongue, 
90;  spurry.  90;  alfilaria,  90;  other  weed  seeds.  810. 

Total  weed  seeds  to  the  pound.  32,850. 

Sample  So.  3101.— (ireen  foxtail,  96,135;  witch-giaas,  1,020;  plantain,  596; 
lamb's-quarters,  425;  yellow  trefoil.  595;  small  ciab-grass,  266;  lady's-thumb,  170; 
three-seeded  mercury.  85;  ragweed.  85;  other  weed  seeds,  340. 

Total  weed  seedn  to  tlic  pound,  99.705. 

Sample  No.  31A9.— Buckhom.  24.130;  Chilean  clover  dodder,  14,250;  sorrel, 
3.910;  wild  carrot,  3,910;  healall,  3,825;  yellow  trefoil,  850;  bird's-fuot  trefoil,  426; 
lamb's-quarters,  340;  wild  chicory,  340;  ox-tongue,  340;  green  foxtail,  170;  mayweed, 
170;  Bold  camomile,  170;  hop-clover,  170;  mouse-ear  chickweed,  85;  small  crab- 
grass,  85;  low  hop-clover,  170;  rhickweed,  85;  kidney  vetch,  85;  red  pimpernel,  85; 
small- flowered  ctane's-bill,  85;  sattbush,  86;  other  weed  seeds,  505. 

Total  weed  seeds  to  the  pound,  64,360. 
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BuMfU  Vo.  SMI— Buckbom,  93,678;  clover  dodder,  16,132;  heoliill,  6.0S4;  wild 
carrot,  3,276;  sorrel,  2,652;  yellow  trefoil,  1,716;  black-Bceded  planUin,  546;  lamb's- 
quartera,  390;  curled  dock,  390;  spuny,  390;  biid's-foot  trefoil,  312;  vervain,  312; 
hop-clover,  234;  mltbuah,  156;  leaser  atarwort,  156;  nmyweed,  156;  white  vervain,  78; 
chickweed,  78;  ox-eye  daisy,  78;  green  foxtail,  7S;  blue  field  madder,  78;  pepper- 
gfBB,  78;  other  weed  Beedn,  468. 

Total  weed  seede  to  the  pound,  126,516. 

flamplB  Vo.  SS9S.— Buckbom,  13,940;  clover  dodder,  26,415;  healall,  9,180;  wild 
caiTot,  6,015;  aorrel,  5,490;  yellow  trefoil,  1,360;  lamb's-quarters,  766;  black-seeded 
plantain,  765;  spuny,  425;  hop-clover,  340;  vervain,  255;  curled  dock,  255;  rabbit'e- 
foot  clover,  170;  wild  chicory,  170;  mayweed,  170;  red  pimpernel,  86;  bird'e-foot 
trefoil,  86;  green  foxtail,  86;  other  weed  seeds,  696. 

Total  weed  eeede  to  the  pound,  64,665. 

Bampla  Ko.  8400.— Buckbom,  6,780;  clover  dodder,  8,364;  aorrel,  7,790;  beolaU, 
4,602;  yellow  trefoil,  1,886;  wild  carrot,  1,568;  Umb's^quarters,  656;  field  dodder, 
410;  red  pimpernel,  328;  hop-clover,  328;  leeeerslarwort,  164;  woodruab,  IM;  lowbop. 
clover,  164;  rabbit's-foot  clover,  82;  chickweed,  82;  bitter  dock,  82;  emall-sseded 
blse  flax,  82;  vervain,  82;  other  weed  aeeds,  3,526. 

Total  weed  aeeds  to  the  pound,  36,120. 

Sample  ■«.  8490.— Catchfly.  14,790;  green  foxtail,  6,780;  aorrel,  4,674;  buckfaom, 
3,444;  yellow  trefoil,  3,198;  curled  dock,  3,280;  plantain,  2,214;  black-seeded  plan- 
tain, 1,066;  lamb's-quarters,  1,066;  mayweed,  820;  Canada  thiatle,  820;  small  crab- 
graas,  738;  wit«h-gntaa,  410;  mouBe-E«r  chickweed,  410;  lady'a-thumb,  246;  healall, 
246;  catmint,  164;  evening prinucae,  164;  five-finger,  164;  field  cr«ee,  164;  atick-tight, 
164;  ragweed,  82;  yellow  foxtail,  164;  cbickweed,  62;  other  weed  seeds,  492. 

Total  weed  aeeds  to  the  pound,  44,842. 

BampU  Vb.  S48S.— Buckhom,  21,074;  black-seeded  plantain,  10,168;  clover  dod- 
der, 11,316;  wild  carrot,  6,002;  healall,  1,668;  sorrel,  1,230;  lomb's-quartere,  820; 
witcb-graas,  666;  yellow  trefoil,  674;  spreading  panicum,  328;  crab-grass,  410;  small 
crab-giaaa,  4B2;  chicory,  410;  low  hop-clover,  328;  curled  dock,  246;  ragweed,  246; 
ipurge,  164;  mouee-ear  chickweed,  164;  bracted  plantain,  82;  forget-me-not,  82;  cat- 
mint, 82;  plantain,  82;  barnyard  grass,  82;  five-finger,  82;  small-seeded  false  flax,  82; 
Canada  thistle,  82;  red  pimpernel,  246;  hawkweed  picris,  S2;  cbickweed,  82;  lesser 
Btarwort,  82;  peppergnue,  82;  hird'a-foot  trefoil,  82;  acentleas  ounomile,  82;  other 
weed  seeds,  1,658. 

Total  weed  seeds  to  the  pound,  68,138. 

faiapU  ITo.  S4S6.— Buckhom,  36,982;  wild  carrot,  36,326;  yellow  trefoil,  2,060; 
wUd  chicory,  4,264;  clover  dodder,  4,692;  field  dodder,  666;  vervain,  2,642;  healall, 
1,968;  low  hop-clover,  82;  aorrel,  984;  curled  dock,  410;  hawkweed  picris,  820; 
ox-tongue,  666;  field  camomile,  666;  lamb'a-quartera,  574;  red  pimpernel,  492;  green 
foxtail,  410;  black-seeded  plantain,  164;  lesser  starwort,  164;  Canada  thistle,  82;  nip- 
plewort, 82;  cat's-ear,  82;  knotweed,  83;  barnyard  grass,  82;  small  crab-grass,  82; 
other  weed  seeds,  2,296. 

Total  weed  seeds  to  the  pound,  97,580. 

Bampl*  >a.  34ST.— Buckbom,  35,700;  wild  carrot,  32,725;  chicory,  4,845;  clover 
dodder,  4,760;  healall,  3,230;  yellow  trefoil,  1,785;  soirel,  1,106;  lamb's-quarters,  850; 
green  foxtail,  425;  red  pimpernel,  425;  dodder,  425;  field  camomile,  340;  ox-tongue, 
340;  curled  dock,  340;  hawkweed  picria,  255;  knotweed,  255;  cut-leaved  crane's-bill, 
170;  nipplewort,  170;  black-aeeded  plantain,  170;  mayweed,  85;  leaser  starwort,  85; 
bracted  plantain,  S6;  spiny  sow  thistle,  86;  other  weed  aeeda.  5,016. 

Total  weed  seeds  to  the  pound,  93,070. 

taHpls  Mo.  S4B8.— Buckbom,  6,314;  aorrel,  3,936;  green  foxtail,  3,198;  curled 
dock,  2,050;  larob's-quartera,  1,640;  black-seeded  plantain,  1.476;  plantain,  984;  bit- 
ter dock,  820;  catmint,  1,148;  lesser  otarwort,  656;  Canada  thiatle,  666;  mouse-car 
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chickwe«d,  574;  nukTweed,  902;  l&dy's-thumb,  410;  yellow  trefoil,  328;  small  cnib- 
gnae,  246;  Btick-tight,  32S;  tiiree-seeded  mercury,  164;  barnyard  grass,  246;  yellow 
foxtAil,  164;  knotweed,  S2;  heaUll,  S2;  witch-grass,  82;  other  weed  seeds,  1,804. 

ToUl  weed  seeds  to  the  pound,  28,290, 

Umflt  >o.  SMe.— Buckhoni,  19,890;  cloverdodder,  13,0S0;  sorrel,  8,460;  healall, 
3,600;  wild  nurot,  3,420;  yellow  trefoil,  1,530;  rabbifa-foot  clover,  1,260;  green  fox- 
tail, 990;  low  hop-clover,  630;  black-seeded  plantain,  450;  epuny,  270;  wild  chicory, 
270;  hop-clover,  ISO;  chickwecd,  180;  lesser  starwort,  90;  blue  field  madder,  90; 
Canada  thistle,  90;  small  crab-grass,  90;  mayweed,  90;  field  camomile,  90;  otherweed 
seeds,  6,300. 

Total  weed  seeds  to  the  pound,  61,020. 

Bampla  >o.  80T1. — Green  foxtail,  5,100;  black-seeded  plantain,  7,226;  buckfaom, 
3,910;  plantain,  1,955;  lamb's-quarters,  3,145;  curled  dock,  1,275;  sorrel,  1,615;  yel- 
low trefoil,  2.805;  witch-grass,  1,785;  barnyard  grass,  170;  mayweed,  S50;  small  crab- 
grasB.  510;  Canada  thistle,  255;  lady'a-thumb,  170;  mouBe-«ar  chickweed,  170;  small- 
seeded  false  flax,  86;  catmint,  85;  healall,  85;  other  weed  seeds,  1,700. 

Total  weed  seeds  to  the  pound,  32,895. 

tampl*  So.  S087.— Buckhom,  23,322;  wild  carrot,  11,866;  clover  dodder,  14,742; 
healall,  3,042;  sorrel.  2,026;  lamb's-quarters,  1,560;  yellow  trefoil,  1,482;  wild  chicory. 
1,248;  plantain,  546;  green  foxtail,  468;  rabbit's-foot  clover,  390;  low  hop-clover,  312; 
curled  dock.  312;  mayweed,  234;  red  pimpernel,  234;  evening  primrose,  156;  scent- 
less camomile,  156;  dove's-foot  crane's-bill,  156;  saltbusb,  156;  vervain,  3,198;  small 
crab-graes,  156;  five-finger,  156;  field  camomile,  156;  lady's-thumb,  76;  black-seeded 
plantain, 78;  stick-tight,  78;  kidneyvetch,78;  fienchwe»l,78;  Bpuiry,78;  ox-tongue, 
78;  witch-grass,  78;  other  weed  seeds,  4,134. 

Total  weed  seeds  to  the  pound,  70,824. 

Sampla  Ho.  SSII.— Buckhom.  24,055;  dodder,  6,205;  sorrel,  6,120;  black-seeded 
plantain,  4,505;  wild  carrot,  2,720;  healall,  2,805;  lamb's-quarters,  1,616;  yellow  tre- 
foil, 1,276;  field  camomile,  340;  spurge,  510;  small  crab-grass,  595;  low  hop-clover, 
425;  green  foxtail,  425;  wild  chicory,  340;  bird's-foot  trefoil,  340;  ciub^iasa,  170; 
bracted  plantain,  170;  mayweed,  256;  lady's-thumb,  170;  lesser  starwort,  85;  yellow 
foxtail,  85;  witch-grass,  85;  five-finger,  85;  spuny,  85;  rabbit's-foot  clover,  86;  large- 
seeded  false  flax,  85;  other  weed  seeds,  3,400. 

Total  weed  seeds  lo  the  pound,  67,035. 

Sampls  Fo.  3691.— Sorrel,  15,215;  wild  carrot,  10,710;  lamb's-quarters,  9.946; 
buckhom,  7,905;  yellow  trefoil,  4,565;  heriall,  2,975;  catchfly,  2,296;  curled  dock, 
2,040;  black-seeded  plantain,  1.785;  green  foxtail.  1,615;  dodder,  850;  kidney  vetch, 
610;  saltbush,  425;  red  pimpernel,  340;  small  crab-grass,  340;  slender  paspalum,  255; 
wild  chicory,  255;  mayweed,  256;  field  camomile,  170;  chickweed,  170;  frenchweed, 
170;  spurry,  85;  catmint,  86;  lady's-thumb,  85;  small-flowered  crane's-bUl,  86;  other 
weed  seeds,  1,020. 

Total  weed  seeds  to  the  fiound,  64,150. 

Sample  Ho.  8B8I.— Sorrel,  56,706;  buckhom,  14,820;  cloverdodder,  18,876;  wUd 
carrot,  5.070;  yellow  trefoil,  2,106;  healall,  1,326;  lamb's-quarters,  624;  green  foxtail, 
546;  plantain,  468;  wild  chicory,  468;  small  cralt-gnws,  234;  scentless  camomile,  234; 
fotget-me-not,  234;  lesser  starwort,  156;  moiisp-ear  chickweed,  156;  low  hop-clover, 
166;  knotweed,  166;  ox-eye  daisy,  156;  rabbit's-foot  clover,  78;  bird's-foot  trefoil,  78; 
wooilruah,  156;  red  pimpernel,  78;  blue  field  madder,  78;  cut-leaved  crane's-bill,  78; 
saltbush,  78;  field  camomile,  312;  nlher  weed  seeds.  1,092. 

Total  weed  seeds  to  the  pound,  104,620, 

BampU  Ho.  8647.— Buckhom,  11,872;  cloverdodder,  25,424;  sorrel,  6,608;  healall. 
4,592;  wild  carrot,  4,144;  yellow  trefoil.  2,352;  lamb's-qimrters,  7B4;  vervain,  560;  low 
hop-clover,  448;  gri'cn  foxtail,  336;  nmall  crab-jmi^i,  33C;  les.ser  starwort.  336;  red 
pimpernel,  336;  chickweed.  224;  spurry,  224;  curled  dock,  112;  lady's-thumb,  112; 
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hop-clover,  112;  mayweed,  112;  field  aunomile,  112;  Bmall-seeded  false  flax,  112; 
other  weed  seeda,  3,584. 

Total  we«d  seeds  to  the  pound,  62,S32. 

Sample  Ho.  SBM.— Yellow  trefoil,  2,542;  clover  dodder,  29,620;  buckborn,  12,218; 
wild  canot,  6,528;  low  hop-clover,  984;  hop-clover,  410;  heolall,  5,330;  aan«l,  7,626; 
curled  dock,  164;  lamb's-quartera,  2,132;  vervain,  1,066;  red  pimpernel,  574;  lesser 
Btarwtfrt,  574;  greeo  foxtail,  574;  mayweed,  246;  field  camomile.  246;  wild  chicory, 
164;  kidney  vetch,  164;  bird's-foot  trefoil,  164;  spuny,  164;  barnyard  grass,  82:  small 
crab^raEH,  82;  blue  field  madder,  82;  wood  nmh.  82;  other  weed  seeds,  3,444. 

ToUl  weed  seeds  to  the  pound,  77,162. 

Bunpla  Ho.  S721.— Buckhbm,  7,735;  ^eea  tuslail.  4,250;  sorrel,  2,380;  curled 
dock,  2,210;  lamb's-quarteis,  1,615;  plantain,  1,445;  bitter  dock,  1,275;  black^eeded 
planUin,  850;  yellow  trefoil,  765;  catmint,  595;  i'anada  thistle,  425;  lady's-thumb, 
340;  mouse-ear  chickweed,  255;  small  crab-grass,  255;  knotweed,  170;  mayweed,  170; 
other  weed  seeds,  2,125. 

Total  weed  seeds  to  the  pound,  26,860. 

flampla  So.  8TS5.— Green  foxtail,  3,740;  buckhom,  3,400;  black-seeded  plantain, 
2.720;  sorrel,  2,720;  lamb's-quarten,  2,125;  catmint,  1,700;  curled  dock,  1,615;  Canada 
thinle,  1,190;  black-seeded  plantain,  1,275;  yellow  trefoil,  596;  lady's-thumb,  610; 
witch-grass,  340;  barnyard  grass.  340;  lesser  slarwort,  266;  mou8«-ear  chickweed,  256; 
mayweed,  255;  small  crab-graas,  265;  r^weed,  255;  stick-tight,  170;  ox-eye  daisy,  170; 
chickweed,  85;  wild  chicory,  86;  yellow  foxtail,  86;  three-seeded  mercury,  85;  small- 
seeded  false  flax,  85;  other  weed  seeds,  2,890. 

Total  weed  seeds  to  the  pound,  27,200. 

Sample  Vs.  3S10.—Buckhojn,  7,020;  dodder,  6,930;  lamb's-quartera,  4,960;  green 
foxtail,  3,420;  heaUdl.  2.790;  sorrel.  3,060;  wild  carrot,  2,430;  yeUow  trefoil,  810;  nalt^ 
budi,  1,080;  red  pimpernel,  900;  mayweed,  270;  field  camomile,  180;  vervain,  90;  wild 
chicory,  90;  low  hop-clover,  90;  rabbit's-foot  clover.  90;  hop-clover,  90;  bird's-foot 
trefoil,  90;  leaser  starwort,  90;  sweet  clover,  90;  other  weed  seeds.  1,980. 

Total  weed  seeds  to  the  pound,  36,540. 

Sample  Ho.  3811.~-CloveT  dodder,  18,700;  buckborn,  19,380;  hunb's.quaTterH. 
5,366 ;  green  foxteil.  4,080;  sorrel,  3,315;  wild  carrot,  3.060;  healaU,  2,650;  yellow  trefoil, 
1,360;  mitbuah,  1,190;  wild  chicory,  680;  red  pimpernel,  425;  rabbit's-foot  clover,  340; 
white  campion,  170;  ox-tongue,  170;  hawkweed  picris,  85;  early  winter  cress,  170; 
Canada  thistle,  85;  mayweed,  SA;  lieid  camomile,  65;  bitter  dock,  86;  curled  dock,  85; 
lady's-thumb,  86;  knotweed,  85;  kidney  vetch,  86;  chickweed,  85;  sweet  clover,  86; 
black-seeded  plantain,  86;  mallow,  85;  spurry,  85;  Htick-tight,  86;  blue  field  madder, 
65;  other  weed  seeds,  2,636. 

Total  weed  seeds  to  the  pound,  64,940. 

Sample  Ho.  MIS.— Buckborn,  13,104;  clover  dodder,  6,240;  wild  carrot,  6,304;  sorrel, 
4,014;  healall,  4,758;  yellow  trefoil,  2,574;  lamb's- quarters.  1,170;  green  foxtail,  546; 
kidney  vetch,  468;  low  hop-clover,  312;  round-leaf  toad  flax,  234;  curled  dock,  234; 
leaser  starwort.  234;  chickweed,  78;  ox-longui-,  166;  black-seeded  plantain,  156; 
plantain,  78;  forget-me-not,  78;  wood  rush,  78;  small  crab-grass.  78;  bull  thistle,  78; 
bird's-foot  trefoil,  78;  other  weed  seeds,  3,900. 

Tolal  weed  seeds  to  the  pound,  44,850. 

Sample  Ho.  383*.— Clover  dodder.  7,055;  field  dodde;,  080;  buckhom,  7.820; 
sorrel,  6,205;  healall,  4,420;  wild  carrot.  2,976;  lamb 's-quarters,  2,125;  yellow  trefoil, 
1,190;  green  foxtail,  426;  curled  dock,  255;  rabbit's-foot  clover,  170;  bird's-foot  trefoil, 
170;  small-flowered  crane's-bUI,  170;  chickweed,  170;  yellow  foxtail.  85;  black-seeded 
plantain,  8S;ox-t«ngue,  85;  foiget-me-not,  85;  other  weed  seeds,  3,145.   . 

Total  weed  seeds  to  the  pound,  37,315. 

Sample  Ho.  8006.— Buckhom.  14,305;  clover  dodder,  28,476;  anrrel,  6,376;  wild 
canot,  £,375;  healall,  6,375;  Iamb 's-quarters,  3,145;  yellow  trefoil,  3,OfiO;gieen  fox- 
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tail,  2,265;  black-eeeded  pl&nt&it),  1,275;  low  hop-i?lover,  936;  rabbit Vfuot  clover,  SfiO; 
red  pimpernel,  G80;  curled  dock,  680;  mayweed,  426;  bird's-foot  trefoil,  340;  kidney 
vetch,  340;  hop-clover,  255;  witch-grasa,  170;  ox-tongue,  170;  leBser  alarwort,  170; 
rouiid-1ea.vcd  toad  flax,  170;  amalMlowered  crane'e-bill,  85;  ragweed,  85;  epurry,  85; 
small  crab-grasB,  85;  lady'B-thumb,  85;  sweet  dovcr,  85;  nipplewort,  85;  other  weed 
seede,  4,845. 

Total  weed  seeds  to  the  pound,  82.305. 

Sample  Ho.  8M«.— Buckhom,  22,050;  c-lovcr  dodder,  6.570;  healall,  3,960;  green 
foxtail,  2,430;  wild  carrot,  2.430;  lamb 'B-quar»>r9.  2,340;  yellow  trefoil,  1,980;  sorrel, 
1,350;  bird'8-toot  trefoil,  540;  red  pimpernel,  540;  ox-tongue,  90;  vervain,  270;  amall 
crab-grsBB,  180;  low  hop-clover,  90;  lady'D-thumb,  90;  slender  paspalum,  90;  curled 
dock,  90;  wild  chicory,  90;  field  camomile,  90;  hawkweed  picris,  90;  mayweed,  90; 
hop-clover,  90;  other  weed  seeds,  2,430. 

ToUl  weed  seeds  to  the  pound,  47,970. 

Sampli  Ho.  8946.— Uuckhom,  14,400;  yellow  trefoil,  3,670;  healall,  1,616;  clover 
dodder,  1,445;  kidney  vetch,  936:  green  foxtail,  850;  lamb's-quarlera,  1.020;  sorrel. 
850;  wild  carrot,  265;  rahbit's-foot  clover.  170;  bird's-foot  trefoil,  170;  round-leaved 
toad  flax,  85;  ox-tongue,  85;  bur  clover,  86;  small-flowered  crane's-bill,  85;  other  weed 
seoda,  1.020. 

Total  weed  seeds  U>  the  pound,  26,640. 

Sample  Ho.  8&fi9. — Sorrel,  680;  lamb's-quartere,  425;  sweet  clover.  42S;  groea  fox- 
tail, 86;  wild  cjuTot,  85;  yellow  trefoil,  a'i;  dodder,85;  Ipflserstarwort,  85;  rabbit's-foot 
clover,  85;  other  weed  seeds.  696. 

Total  weed  seeds  to  the  pound,  2,635. 

SamploVo.SBeO.— Buckhom,  1,700;  larab's-quartcrs,  1,190;  clover  dodder, 850;  yel- 
low trefoil,  596;  low  hop-clover,  510;  wild  carrot.  340;  green  foxtail,  340:  yellow  foxtail, 
255;  bluewoed,  170;  rabbit 'e-foot  clover,  170;  sorrel.  170;  healall,  85;  sweet  clover,  85; 
field  camomile,  85;  scentle^  camomile,  85;  aiuall-socded  false  flax,  S5;  other  weed 
seeds,  426. 

Total  weed  seeds  to  the  pound,  7,140. 

Sample  Ho.  8968  .—flodder,  1,190;  buckhonl,425;  lamb'»-(]uartere,256;  eweetclover. 
610;  low  hop-clover,  85;  curled  dock,  85;  yellow  trefoil,  85;  hlueweed,  85;  kidney 
vetch.  85;  other  weed  seeds,  510. 

Total  weed  seeds  lo  the  pound,  3,316. 

Sample  Ho.  8968.— Buckhom,  2,028;  wild  carrot,  64G;  sorrel,  390;  clover  dodder, 
936;  field  camomile,  156;  yellow  foxtail,  78;  wild  chicory,  78;  healall.  7S;  larab's-quar- 
ters,  390;  other  wei^  seeds,  702, 

Total  weed  seeds  (o  the  pound,  6,382. 

Sample  Ho,  8964.— Buckhora.  3.690;  sorrel,  1,722;  clover  dodder,  1,066;  larob's- 
quarters,  246;  leaser  starwort,  82;  yellow  foxtail,  82;  healall,  82;  forget-me-not,  82; 
other  weed  seeds,  574, 

Total  weed  seeds  to  the  pound,  7,626. 

Sample  No.  896t. — Low  hop-clover,  170;  lamb's-quarters.  170;  buckhom,  85;  heal- 
all, 85;  wild  carrot.  85;  forget-me-nol.  85;  blueweed.  86;  dodder,  85;  chickweed,  85. 

Total  weed  seeds  to  the  pound.  935. 

Sample  Ro.  3961.— Larob's-quarters,  1.615:  buckhom,  1,020;  dodder,  850;  yellow 
trefoil,  340;  wild  carrot.  255;  sweet  clover,  170;  rabbit's-foot  clover,  170;  forget-me-not, 
86;  red  pimpernel,  85;  field  camomile,  85;  sorrel,  85:  other  weed  seeds,  850. 

Total  weed  seeds  to  the  pound,  5,610. 

Sample  Ho.  3990.— Green  foxtail,  20,060;  curled  dock,  4,590;  bitter  dock,  170; 
Umb's-quartcrs,  5.440;  buckhom,  680;  yellow  trefoil.  850;  lady's-thumb,  425:  stick- 
tight,  255;  sorrel,  170;  mayweed,  170;  Cnnada  thistle,  170;  ragweed,  170;  hamyard 
grass,  85:  other  weed  seeds.  8.50. 

Total  weed  scetis  lo  the  pimiid,  34.085. 

'"-"  D„ii„.db,Go(5glc 
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Bunple  Ktt.  SSM.— Plantain,  26,814;  mouBe-ear  chickweed,  12,300;  Gve-finger, 
3,808;  buckhom,  2,788;  lamb'a-quartcra,  3,115;  Borrel,  2,378;  curled  dock,  3,132;  ehep- 
herd's-puTBe,  1,804;  black-aeeded  plantain,  1,722;  mayweed,  1.722;  small  crab-gram, 
738;  yellow  trefoil,  656;  kdy'a-thumb,  492;  stick-tight,  410;  witcb-greea,  410;  worm- 
seed  mustanl,  328;  peppeigraas,  323;  barnyard  graae,  246;  yellow  foxtail,  82;  evening 
piimrciee,  62;  apiny  bow  thietle,  82;  sedge,  82;  catmint,  82;  clover  dodder,  82;  knot- 
weed.  82;  three-seeded  mercury,  82;  green  foxtail,  6,740;  Canada  thietle,  904;  amall- 
seeded  false  flax,  82;   clover  dodder,  82;  other  weed  seedn,  4,013. 

Total  weed  Be«tl8  to  the  pound,  73,473. 

Sample  Mo.  4OO0.^Buckhom,  12,948;  wild  chicory,  1,968;  yellow  trefoil,  2,460; 
wildcam>t,l,640;  hop-clover.  82;  rabbit's-foot  clover,  82;  clover  dodder,  820;  Chilean 
clover  dodder,  164;  green  foxtail,  984;  yellow  foxUil,  246;  healalt,  820;  saltbuah,  738; 
lamb's-quartere,  656;  kidney  vetch,  492;  black-seeded  plantain,  82;  biacled  plantain, 
82;  plantain.  82;  barnyard  grass,  328;  sorrel,  410;  curled  dock,  328;  knotweed,  246; 
field  camomile,  246;  mayweed,  82;  sweet  clover,  164;  ragweed,  164;  red  pimpernel, 
164;  Canada  thistle,  82;  cut-leaved  crane'»-bill,  82;  bird's-foot  trefoil,  82;  nippel- 
wort,  82;  eticktight.  82;  other  weed  seeds,  2.788. 

Total  weed  aeeds  to  the  pound.  29,676. 

•ample  Jo.  iOlO.—Buckhom,  23,375;  sorrel,  11,730;  clover  dodder,  11,816;  healall, 
6,460;  yellow  trefoil,  4,675;  lamb's-quarteis,  2,465;  wild  carrot,  1,105;  red  pimpernel, 
1,190;  low  hop-clover,  1.105;  rabbit's-foot  clover,  1.105;  mouse-ear  chickweed,  1,360; 
leaser starwort,  935;  hop-clover,  935;  vervain,  850;  chickweed,  255;  spurry,  265;  kid- 
ney vetch,  265;  green  foxtail,  255;  maj'weed,  170;  field  camomile,  85;  forget-me-not, 
8S;  small-flowered  crane's-bill,  86;  burclover,85;  black-seeded  plantain,  86;  plantain, 
85;  other  weed  seeds,  8,330. 

Total  weed  seeds  to  the  pound,  79,135. 

■ampU  Vo.  use.— Buckhom,  60,210;  green  foxtail,  6,300;  ox-loi^e,  6,930;  wild 
carrot,  5,950;  clover  dodder,  3,570;  yellow  trefoil,  3,315;  red  pimpernel,  2,040;  heal- 
all,  1,965;  bird's-foot  trefoil,  1.785;  ox-tongue.  1,445;  round-leaved  t«ad  flax,  1,190; 
wild  chicory,  340;  hawkweed  picria,  265;  mayweed,  85;  otherweed  seeds.  1,275. 

Total  weed  seeds  to  the  pound  96,735. 

Sampla  Hs.  4020.— Yellow  trefoil,  5,220;  buckhom,  1,615;  sorrel,  1,360;  lamb's- 
quarters,  695;  healall,  85;   yellow  foxtail,  86:  other  weed  seeds,  510. 

Total  weed  seeds  to  the  pound,  9,470. 

■ample  Ho.  USt.— Clover  dodder,  11.730;   sorrel.  766;   lamb'a-quartera.  680;    wild 
carrot,  69$;  healalt,  510;   black-seeded  plantain,  266;  buckhom,  265;  curled  dork,  85; 
five-finger,  85;  other  weed  seeds,  170. 
-   Totalweedseedstothepound.  15,130. 

tampla  Ho.  4082. — lamb's-quartern,  20,418;  lady's-thumb,  -110;  cleavers,  656; 
curied  dock,  410;  salt  bush,  246;  stick- tight,  246;  smalt-seeded  (alne  flax,  164;  yellow 
trefoil,  164;   sorrel,  82;   other  weed  seeds,  674. 

ToUl  weed  seeds  to  the  pound,  23,370. 

Banpla  Vo.  408S.— Lamb's-quarters,  6,304;  buckhom,  936;  clover  dodder,  780; 
sorrel,  546;  rabbit's-foot  clover,  166;  yellow  trefoil,  234;  wild  carrot,  156;  blueweed, 
156;   green  foxtail,  78;   spurry,  78;   bird's-foot  trefoil,  78;   other  weed  seeds,  3,822. 

Total  weed  seeds  to  the  pound,  12.324. 

■ample  Ho.  40S8.— Clover  dodder.  1,170;  lamb's-quarters,  2,880;  wild  carrot,  360; 
scentless  camomile,  270;  wild  chicory,  180;  mayweed,  90;  healall,  90;  red  pimpernel, 
90;  planUin,  90;  sorrel.  90;  hop-clover,  90;  other  weed  seeds,  640. 

Total  weed  seeds  to  the  pound,  6,940. 

■ampls  Bo.  4044.— Buckhom,  12,710;  clover  dodder,  18,204;  wild  carrot,  6,630; 
sorrel,  e, 866;  healall,  3,910;  yellowtrefoil,3,230;  lamb's-quarten,  2.465;  green  foxtail, 
1,616;  curied  dock,  1,630;  round-leaved  toad  finx,1.t05;  red  pimpernel,  1,020;  black- 
seeded  plantain,  680;  hop-clover,  695;   low  bop-clover,  510;  spurry,  340;  Ips^r  Pl«r- 
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wort,  340;  mayweed,  2&5;  field  camomile,  170;  small  crab-gra«,  170;  Icidasy  vetcb, 
255;  yellow  foxtAil,  86,  stick-tight,  85;  wild  chicory,  85;  laily'e-tliumb,  85;  ox-tongue, 
86;  duckweed,  85;  other  weed  seeds,  6,100. 

Total  weed  seeds  to  the  pound,  M,209i 

Bampls  Sa.i4Ml. — Sorrel,  2,720;  lunb's-qu&rtera,  340;  labbit's-foot  clover,  340; 
black-seeded  plantain,  265;  kQotwoed,86. 

Total  weed  seeds  to  the  potind,  3,740. 

Sanpl*  ITo.  40SS. — Low  hop-clover,  86;  buckbom,  170;  field  camomile.  170;  dovpr 
dodder,  85;  bealall,  86;  other  weed  seeds,  426. 

Total  weed  seeds  to  the  pound,  1,020. 

Bampls  Ho.  4067.— Buckhom,  15,030;  green  foxtail.  8,100;  black-seeded  plantain, 
7,660;  barnyard  gnss,  630;  yellow  foxtail,  540;  three-seeded  mercury,  540;  knotweed, 
270;  lody'ft-thumb,  270;  plantain,  270;  five-finger,  180;  yellow  trefoil,  60;  Umb's- 
quarters,  BO;  curled  dock,  90;  witch-grass,  90;  other  weed  seeds,  360. 

Total  weed  seeds  to  the  pound,  34,200. 

SMnpl*  So.  MM.— I^y's-thumb,  10,030;  plantain,  20,740;  mouse-ear  chickweed, 
17,000;  curled  dock,  3,230;  shepherd 's-puiso,  2,976;  yellow  trefoil,  1,785;  lamb's- 
quartets,  1,700;  five-finger.  1,616;  green  foxtail,  B36;  black-seeded  plantain,  850; 
Canada  thistle,  680;  spiny  sow  thistle,  255;  yellow  foxtail,  170;  knotweed,  86;  other 
weed  seeds,  340. 

Total  weed  seeds  to  the  pound,  62,390. 

BampI*  Vs.  4097.— Buckhom,  16,4%;  clover  dodder,  24,820;  wild  carrot,  6,290; 
sorrel,  6,206;  healall,  6,035;  yellow  trefoil,  3,910;  greenfoztail,  3,486;  lamb's-quarters, 
3,400;  kidney  vetch,  1.020;  vervain,  935;  red  pimpernel,  850;  bhick-seeded  plantain, 
595;  low  hop-clover,  510;  mayweed,  510;  curled  dock,  510;  rabbi t's-foot  clover,  426; 
leeserstarwort,  240;  ox- tongue,  255;  saltbush,  256;  field  camomile,  170;  wild  chicory, 
170;  lady's-tbumb,  170;  small  ciab-giasH,  170;  blue  field  madder,  85;  slender  pispalum 
85;  ragweed,  65;  small-flowered  crane's-bill,  85;  hedge  mustard,  85;  hop-clover,  85; 
sweet  clover,  85;  other  weed  seeds,  7,396. 

Total  weed  seeds  to  the  pound,  85,325. 

flaupls  Ho.  41ia.— Yellow  trefoil.  20,790;  buckhom,  20,610;  he&lall,  3,510;  wild 
carrot,  3,150;  clover  dodder,  2,970;  sorrel,  2,160;  catchfly,  1,080;  lamb's-quarters,  690; 
field  camomile,  900;  red  pimpernel,  640;  kidney  vetch,  270;  green  foxtail,  180;  scent- 
lees  camomile,  ISO;  chickweed,  180;  small-flowered  crane's-bill,  180;  Canada  thistle, 
90;  wild  chicory,  90;  lady's-thumb,  90;  leeserstarwort,  90;  cut-leaved  crane's-bill,  90; 
blue  field  madder,  90;  field  dodder,  90;  other  weed  seeds,  1,980. 

Total  weed  seeds  to  the  pound,  60,300. 

Bampls  Ko.  41 6S.— Buckhom,  4,410;  plantain,  3,825;  green  foxtail,  3,655;  may- 
weed, 1,870;  black-seeded  plantain,  1,630;  curled  dock,  765;  'five-finger,  425;  catmint, 
340;  aorrel,  340;  lady's-thumb,  340;  Canada  thistle,  340;  ragweed,  265;  mouse-ear 
chickweed,  170;  barnyard  grasB,  170;  yellow  trefoil.  170;  wild  basil,  170;  yellow  fox- 
tail. 86;  wormseed  mustard,  85;  small  crab-grass,  86;  other  weed  seeds,  2,635. 

Total  weed  seeds  to  the  pound,  21,666. 

■anpto  Bo.  4161.— Black-seeded  plantain,  93,686;  green  foxtail,  6,035;  small  crab- 
graee,7,056;  crab-grasB,4,760;  witch-grass,  4,845;  buckhom,  2,720;  curled  dock,  2,380; 
lady's-thumb,  1,785;  pennyroyal,  1,446;  lamb's-quarters,  1,360;  bracted  plantain, 
1.445;  spurge,  1,275;  yellow  foxtail,  1,106;  spreading  panicum,  596;  sorrel,  850;  pepper- 
grass, 340;  eveningprimroee,256;  mayweed,  255;  yellow  trefoil,  255;slenderpa8palum, 
170;  bamyard  grass,  170;  spiny  sida,  170;  wild  carrot,  170;  catmint,  85;  three-seeded 
mercury,  85;  other  weed  seeds,  4,080. 

Total  weed  seeds  to  the-pound,  137,275. 

Bunpls  Id.  417S.— Buckhom,  20,202;  clover  dodder,  35,602;  wild  carrot,  5,772; 
lamb's-quarters,  5,070;  sorrel,  5,070;  yellow  trefoil,  2,886;  bealall,  3,822;  low  hop- 
clover,  1,092;  green  foxtail,  1,014;  red  pimpernel,  624;  dodder,  466;  vervain,  546; 
m-4u 
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nbbit'H-foot  clover,  468;  oxtongue,  390;  hop-clover,  312;  curled  dock,  234;  aaltbiiah, 
234:  field  canuimite,  234;  m&yweed,  156;  wild  chicory,  156;  black-aeeded  plantain, 
156;  nettle-leflved  gooeefoot,  78;  foiget-me-not,  78;  mouee-eftr  chickweed,  78;  lady'B- 
thumb,  78;  scentleaa  camomile,  312;  plantain,  78;  cfaickweed,  7S;  loMerstarwort.  234; 
kidney  vetch,  78;  other  weed  eaedi,  3,822. 

Total  weed  seeds  to  the  pound,  91,422. 

■ampl*  Ho.  4ia0.— Buckhom,  27,716;  clover  dodder,  35.670;  low  hop-clover,  1,446; 
rabbit's-foot  clover,  265;  wild  carrot,  3,400;  sorrel,  3,486;  yellow  trefoil,  3,146;  healall, 
2,890;  lamb's-quartere,  2,720;  field  camomile,  766;  red  pimpernel,  595;  green  foxtail, 
510;  wild  chicory,  426;  leader  ntarwort,  340;  chickweed,  35;  nipplewort,  86;  Canada 
thiatle,  86;  foiget-me-itot,  85;  small-flowored  cnne's-bilt,  85;  bird's-foot  trefoil,  85; 
amall-seoded  falae  flax,  85;  other  weed  Beeds,  3,145. 

Total  weed  Heeds  to  the  pound,  77,101. 

■uaple  Vo.  4181.— Bockhom,  21,690;  clover  dodder,  46,980;  aotrel,  7,565;  wild 
carrot,  5,780;  lamb's-quarters,  4,760;  healall,  4,335;  yellow  trefoil,  2,466;  green  fox- 
tail, 1.360;  lesser  atarwort,  936;  red  pimpernel,  860;  scentleoi  camomile,  76S;  tow  hop- 
clover,  79G;  round-leaved  toad  flax,  6S6;  rKbbit's-Foot  clover,  510;  b]ack-«eeded  plan- 
tain, 598;  field  camomile,  340;  kidney  vetch,  340;  wild  chicory,  340;  apurry,  256; 
cbickweed,  170;  ox-tongue,  170;  forget-me-not,  170;  wltbuBh,  170;  hop-clover,  170; 
ox-eye  daisy,  170;  yarrow,  86;  plantain, 85;  mayweed, 85;  curled  dock, 85;  otherweed 
seeds,  6,440. 

Total  weed  seede  to  the  pound,  90,026. 

SaKplsV*.  41S8.— Buckborn.  9,640;  clover  dodder,  8,460;  lamb's-quarterB,  6,210; 
green  foxtai],  4,320;  oxtoi^e,  1,710;  round-leaved  toad  (tax,  1,800;  yellow  trefoil, 
1,260;  red  pimpernel,  900;  low  hop-clover,  810;  wild  carrot,  640;  sorrel,  360;  hawk- 
weed  picria,  360;  healall,  180;  large-seeded  false  flax,  180;  mayweed,  180;  forget-me- 
not,  180;  rabbit's-foot  clover,  90;  apurry,  90;  witch  grass,  90;  field  camomile,  90; 
emall-eeeded  false  flax,  90;  field  crees,  90;  horehound,  90;  PKnchweed,  90;  bull 
thistle,  90;  other  weed  aeeda,  3,510. 

Total  weed  aeeda  to  the  pound,  41,310. 

Baiapls  Mo.  4985.— Buckhom,  26,910;  Chilean  dodder,  6,940;  wild  carrot,  9,360; 
sorrel,  7,660;  catchfly,  7,380;  healall.  6,390;  clover  dodder,  6.210;  lamb's-quarters, 
3,600;  yellow  trefoil,  2,610j  amall-flowered  Diane's-bilt,  900;  lEsaer  starwort,  810;  red 
pimpernel,  630;  green  foxtail,  630;  apurry,  540;  mayweed,  540;  amall  crab-graaa,  460; 
kidney  vetch,  360;  birdVfoot  trefoil,  270;  plantain,  270;  blue  field  madder,  180: 
forget-me-not,  180;  yellow  foxtail,  180;  oxeye  daisy,  90;  acentleee  camomile.  90: 
curled  dock,  90;  spurge,  90;  alender  paspalum,  90;  chickweed,  90;  hop  clover.  90; 
low  hop-clover,  90;  other  weed  seeds,  6,760. 

Total  weed  seeds  to  the  pound,  88,380. 

In  Table  II  are  given  the  analyses  of  the  five  samples  of  high-grade 
red  clover  offered  for  sale  at  an  average  price  of  tl5.05  per  hundred 
pounds,  previously  referred  to. 
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The  accompanying  diagram  presents  in  graphic  form  a  comparison 
of  the  averages  of  the  analyses  of  red  clover  seed  imported,  as  shown 
in  Tables  I  and  II. 

AI.FALFA. 

Table  III  gives  the  analyses  of  sixteen  selected  low-grade  samples 
of  imported  alfalfa  seed,  representing  cargoes  amounting  to  275,572 
pounds.  Since  the  total  importations  of  alfalfa  seed  during  the 
same  period  were  5,688,689  pounds,  the  low-grade  seed  furnished 
about  one-twentieth  of  the  total.  The  quality  of  this  low-grade  seed 
is  similar  to  that  of  the  red  clover  seed  shown  in  Table  I.  The 
germination  is  low  and  the  seed  in  many  samples  is  small  or  shriveled. 
All  but  two  of  these  lots  contain  dodder,  and  all  contained  on  an  aver- 
age more  than  fifteen  kinds  of  weed  seeds. 
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TEE  UFOSTATIOH  OF   LOW-ORAUB  SEED  SHOULD  BE  STOP^D. 

Every  pound  of  worthless  seed  iiiip<fied  is  finally  sold  to  the 
farmer.  Some  of  it  goes  into  the  trade  to  fill  the  demand  for  cheap 
seed.  More  of  it  is  used  to  mix  with  better  seed  in  the  grading-down 
process.  By  mixing  100  pounds  of  seed  worth  $15  with  100  pounds 
of  imported  screenings  which  cost  S7.50,  a  medium  grade  will  result, 
costing  Sll-25  per  hundred  pounds,  which  is  not  sold  at  $11.25  but 
at  $13  or  S14  per  hundred  pounds.  Whenever  a  dealer  mixes  two 
qualities  of  seed  together  to  make  a  medium  or  low  grade  the  price 
is  not  reduced  in  proportion  to  the  quality.  In  this  way  the  jobber  or 
dealer  who  mixes  seeds  invariably  gets  a  profit  on  the  screenings 
which  are  used. 

Unfortunately  many  farmers  in  the'  United  States  furnish  a  ready 
market  for  the  refuse  from  our  own  cleaning  mills,  and  moreover,  on 
account  of  their  demand  for  cheap  seed,  we  are  importing  the  waste 
from  other  countries.  Seedsmen  should  not,  perhaps,  be  altogether 
blamed  for  meeting  this  demand  for  cheap  seed,  and  they  must  be 
expected  to  sell  it  as  long  as  there  is  a  call  for  it.  At  the  same  time, 
the  farmer  not  being  as  good  a  judge  as  the  seedsman  often  takes 
what  is  ofEered  at  the  lowest  price  and  unwittingly  pays  more  for 
the  seed  that  will  grow  than  if  he  had  bought  the  best.  What  is  of 
more  importance  to  the  farmer,  however,  is  not  that  he  is  paying 
more  for  his  seed  than  he  should,  but  that  in  buying  low-grade 
seed  he  gets  either  a  poor  stand  from  sowing  dead  seed,  or  small,  weak 
plants  from  sowing  seed  of  low  vigor,  or  the  crop  is  smothered  by 
weeds  which  will  continue  to  foul  the  land  for  many  years. 

Argentina  has  a  law  prohibiting  the  importation  of  alfalfa  and 
clover  seed  containing  the  seed  of  dodder.  Canada  prohibits  the 
sale  within  her  borders  of  seed  containing  weed  seeds,  but  provides 
for  its  export.  Europe  is  effectually  protected  from  the  use  of 
poor  seeds  through  its  seed-control  stations,  but  its  screenings  are 
exported.  It  seems  time  that  the  United  States  had  some  restriction 
on  the  importation  of  seeds  of  such  poor  quality  that  they  can  not 
be  sold  in  other  countries. 
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FORAGE  CROPS  FOR  HOGS  IN  KANSAS  AND 
OKLAHOMA. 

By  C.  E.  QuiNN,  Sdeniifie  Amitatii,  Fhrm  Management  Invertigationi. 


urTBOwonov. 

Farmers  ar«  more  and  more  realizing  that  pasture  is  necessary  for 
the  most  economical  production  of  pork.  Those  who  are  raising  hogs 
and  putting  them  on  the  market  with  the  least  cost  have  their  entire 
farms  fenced  hog  tight.  This  enables  them  to  give  the  hogs  the  range 
of  the  meadows  and  fields  when  the  crops  have  been  harvested.  Much 
that  would  otherwise  be  lost  is  thus  Saved  by  the  hogs,  for  they  are 
among  the  best  gleaners  of  the  waste  grain,  weeds,  and  insects  in  the 
fields. 

More  hog  pastures  are  fenced  each  year,  more  experimenting  is 
being  done,  and  there  is  more  inquiry  as  to  the  best  crops  for  pasture. 
These  questions  can  not  be  answered  intelligently  without  a  knowl- 
edge of  the  conditions  of  soil  and  climate,  the  market,  and  the  adapta- 
bility of  crops  to  different  sections  of  the  country. 

The  Office  of  Farm  Management  Investigations  has  undertaken  to 
ascertain  by  a  study  of  farm  practice:  (1)  What  crops  have  been 
found  best  for  pasture  for  hogs  in  different  localities;  (2)  the  season 
during  which  these  crops  are  available;  (3)  the  number  of  stock  they 
will  pasture  to  the  acre;  (4)  the  value  of  this  pasture  in  connection 
with  other  feeds;  (5)  the  quantity  of  grain  necessary  to  produce  a 
given  amount  of  pork  on  different  pastures;  and  (6)  the  cost  of  pro- 
ducing pork. 

While  only  a  small  beginning  has  been  made,  the  denutnd  for 
such  knowledge  and  its  importance  to  the  swine  industry  of  the  coun- 
try has  prompted  the  publishing  of  this  information  for  each  locality 
as  it  is  obtained. 

CBOFS  USED  Zir  KAKBAS  AND  OKI.AH01CA. 

During  the  past  summer  (1907)  about  150  of  the  most  successful 

swine  growers  and  pork  producers  of  Kansas  and  Oklahoma  were 

interviewed  on  the  subject  of  the  crops  used  for  feed.    In  southern 
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Oklahoma  along  the  river  valleys  and  in  northern  Oklahoma  and 
southern  Kansas  the  farmers  are  favored  with  a  soil  and  climate 
that  make  it  possible  to  produce  pork  very  cheaply.  The  mildness 
of  the  climate  makes  it  unnecessary  to  build  as  expensive  shelters  for 
hogs  in  wioter  as  are  required  farther  north,  and  the  open  and  short 
winters  make  it  possible  to  furnish  pasture  during  a  greater  portion 
of  the  year,  thus  lessening  the  amount  of  grain  which  it  is  necessary 
to  feed.  •  The  main  pasture  crops  for  hogs  in  this  region  are  alfalfa, 
wheat,  oats,  and  rye,  ranking  in  importance  in  the  order  named. 


It  is  the  testimony  of  95  per  cent  of  the  farmers  interviewed  in  this 
region  that  there  is  no  better  pasture  for  hogs  than  alfalfa,  where  it 
can  be  grown  successfully.  Those  who  have  failed  with  it  as  pasture 
owe  their  failure  to  two  causes.  First,  the  alfalfa  has  been  pastured 
before  it  has  become  well  rooted.  Young  alfalfa  is  too  tender  a  plant 
to  stand  severe  treatment  except  under  very  favorable  circumstances. 
There  are  a  few  fanners  who  have  pastured  it  the  same  year  it  was 
sown  and  the  alfalfa  has  survived,  hut  thi^  was  on  rich,  heavy  loam 
soU,  usually  creek  bottom  or  river  valley  land  with  water  not  far 
below  the  surface,  and  the  season  was  very  favorable.  Ordinarily 
alfalfa  should  not  be  pastured  until  the  second  year,  and  better  still 
not  until  the  third  year  if  it  is  desired  to  keep  the  field  as  permanent 
pasture. 

The  second  cause  of  failure  with  alfalfa  is  heavy  pasturing  and 
lack  of  judgment  in  pasturing  in  unfavorable  seasons.  A  good  many 
farmers  have  sown  a  small  piece  of  alfalfa,  and  then  because  it  has 
grown  rapidly  and  all  kinds  of  stock  are  fond  of  it  they  have  turned 
all  the  stock  on  the  farm  on  it  and  have  wondered  why  their  alfalfa 
was  killed  out.  Others  pasture  regardless  of  whether  the  ground  is 
muddy  or  whether  the  season  is  dry  and  hot.  In  either  case  heavy 
pasturing  is  very  likely  to  cause  the  alfalfa  to  be  killed  out. 

AI.PALFA  PABTUBEB. 

As  to  the  amount  of  pasturage  or  the  number  of  hogs  alfalfa  will 
carry  per  acre  without  injury  to  the  crop,  the  estimates  given  by 
farmers  vary  considerably,  depending  on  the  kind  of  soil,  the  fertil- 
ity of  the  land,  .and  the  size  of  the  hogs  pastured.  The  following, 
however,  is  a  safe  average  estimate  as  given  by  conservative  men  who 
have  had  much  experience.  River  valley  and  creek  bottom  land  well 
set  in  alfalfa  will  carry  from  15  to  20  head  per  acre  of  50  to  125 
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pound  hogs.  Upland  of  fair  average  fertility  will  support  from  8 
to  10  head  of  the  same  kind  of  hogs.  There  are  fields  that  have  sup- 
ported 25  head  per  acre  all  through  the  season  for  a  numher  of  years 
and  are  still  in  good  condition,  and  there  are  other  fields  that  will 
not  furnish  pasture  for  more  than  5  head  per  acre;  but  these  are 
extremes.  When  a  field  is  used  only  for  pasture  it  is  better  to  divide 
it  into  several  lots  and  move  the  hogs  from  one  to  the  other  as  oc- 
casion requires. 

The  length  of  the  season  during  which  this  pasture  is  furnished 
also  varies.  Alfalfa  is  ready  for  pasture  on  the  average  from  the 
middle  of  April  in  southern  Oklahoma  to  the  middle  of  May  in 
northern  Kansas.  In  many  cases  it  will  do  to  pasture  earlier,  but  it 
is  not  best,  as  the  young  alfalfa  has  not  the  start  it  should  have  for 
heavy  pasturing,  nor  has  it  the  strength  in  the  plant.  When  not 
pastured  too  early  it  will  furnish  feed  at  the  rate  mentioned  during 
nearly  the  whole  season  until  October  in  the  North  and  November  in 
the  South.  In  some  years  the  pasture  season  will  continue  a  month 
later  in  the  autumn,  depending  on  the  rainfall  and  the  lateness  of 
cool  weather.  In  some  seasons,  if  the  summer  is  unusually  dry  and 
hot,  the  pasture  will  become  short;  but  usually  pasture  for  the  num- 
ber of  hogs  previously  specified  can  be  depended  on  for  about  seven 
months  of  the  year  in  the  southern  limit  of  the  territory  named  and. 
for  about  five  months  in  the  northern  limit.  This  rule  will  apply  to 
other  sections  of  the  country  in  the  same  latitude  as  Oklahoma  and 
Kansas. 

AVhile  many  farmers  pasture  alfalfa  fields  to  their  full  capacity, 
in  some  sections,  especially  in  northern  Kansas,  it  is  customary  to  run 
about  half  as  many  hogs  as  the  alfalfa  fields  will  support.  This 
practice  permits"  the  cutting  of  the  usual  number  of  crops  of  hay, 
though  the  yield  of  hay  is,  of  course,  reduced. 

Alfalfa  not  only  furnishes  a  great  amount  of  pasture,  but  it  is  of 
a  character  that  goes  to  make  bone  and  muscle.  It  belongs  to  the 
leguminous  family  of  plants,  as  do  the  clovers,  the  cowpea,  the  field 
pea,  the  soy  bean,  and  the  vetches,  and  while  it  is  furnishing  this 
valuable  food  it  is  at  the  same  time  adding  fertility  to  the  land. 
Alfalfa  pasture  or  alfalfa  hay  and  corn  are  very  nearly  a  balanced 
ration  for  animals,  and  while  it  is  better  to  have  a  grain  ration  fed 
with  it  to  hogs  as  well  as  other  animals,  yet  a  healthier,  thriftier  hog 
can  be  raised  on  alfalfa  alone  than  on  com  alone.  Many  instances 
are  found  where  hogs  have  been  raised  on  alfalfa  alone.  One  Okla- 
homa farmer  marketed  in  December,  1905,  61  head  of  spring  pigs 
eight  months  old  that  averaged  171  pounds.  These  hogs  had  run 
from  the  time  they  were  little  pigs  with  their  mothers  on  15  acres  of 
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alfalfa  without  any  grain.  They  sold  on  the  market  for  5^  cents  a 
pound.  This  made  the  cash  value  of  the  alfalfa  pasture  about  $38.35 
per  acre.  As  will  be  seen,  this  is  light  pasturing,  as  there  were  only 
about  4  pigs  per  acre  besides  the  brood  bows. 

As  already  stated,  it  is  much  better  economy  to  furnish  a  grain 
ration  with  the  pasture,  as  it  results  in  better  gains  and  a  better  prod- 
uct. One  man  estimates  that  it  takes  from  one-half  to  one-third  less 
com  on  alfalfa  pasture  than  on  a  straight  grain  ration  to  make  a  hog 
ready  for  market.  Many  let  the  hogs  run  on  alfalfa  until  about  iive  to 
six  months  old,  by  which  time  they  reach  a  weight  of  75  to  125  pounds, 
feeding  just  a  little  grain ;  then  they  feed  heavily  for  about  two  months  . 
and  sell  the  hogs  at  eight  months  old  weighing  200  to  225  x>ounds. 
One  farmer,  who  raises  about  a  thousand  hogs  a  year  and  who  in  one 
year  sold  $11,200  worth  of  hogs,  makes  a  practice  of  growing  his  hogs 
on  alfalfa  pasture  until  about  eight  months  old,  feeding  one  ear  of 
com  per  head  daily.  He  then  feeds  heavily  on  com  for  a  month  or  two 
and  sells  at  an  average  weight  of  200  to  225  pounds.  Another  man 
feeds  all  the  com  and  slop  the  pigs  will  clean  up,  all  the  while  run- 
ning them  on  alfalfa  pasture,  and  sells  at  six  to  eight  months  old  at 
weights  of  250  to  300  pounds.  Another,  who  raises  about  a  thousand 
head  a  year,  feeds  all  the  com  the  pigs  will  eat,  beginning  shortly 
after  weaning  and  continuing  until  the  hogs  are  sold  at  ten  to  eleven 
months  old,  averaging  about  275  pounds. 

Still  another  farmer,  from  weaning  time  (two  months  old)  until 
eight  months  old,  feeds  the  pigs  nothing  but  dry  com  on  alfalfa  pas- 
ture, averaging  about  one-half  gallon  of  com  (3}  pounds)  a  day  per 
head.  At  the  end  of  eight  months  he  sells  at  an  average  weight  of 
250  pounds.  Feeding  the  above  quantity  of  corn  a  day  makes  the 
amount  fed  about  llj  bushels  per  head.  Figuring  this  at  the  average 
price  of  com  in  this  locality,  35  cents,  and  the  price  received  for  pork, 
5J  cents,  the  following  results  will  show  the  cost  of  growing  pork  on 
this  farm  and  the  value  of  alfalfa  pasture : 

Value  of  250-pound  hog.  at  5J  cents 113.76 

Value  of  pig  at  weaning,  BO  pounds,  at  Bi  cents 2. 7B 

Gain  from  paatnre  and  gralD 11.00 

Cost  o(  Hi  bushels  of  com,  at  35  oenta 3-03 

Value  of  pasture  per  head  pastnrcd 7.07 

Now,  compare  these  results  with  those  of  a  man  who  had  to  depend 
on  other  pasture  crops  than  alfalfa.  He  estimates  that  it  will  take 
15  bushels  of  corn  on  wheat,  oats,  and  rye  pasture  to  raise  and  fatten 
a  hog  so  it  will  weigh  2+0  pounds  at  nine  months  old,  besides  the 
pasture  and  slop.     At  the  price  of  com  mentioned,  35  cents  a  bushel, 
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and  with  hogs  at  5}  cents  a  pound,  note  the  cost  of  producing  pork 
on  this  farm : 

Value  or240-pouiid  hog,  at  5i  cents $13.20 

Yalne  of  pig  at  weaning,  50  poaadi,  at  5i  cents 2.75 

Gain  from  pastare  and  grAn 10.45 

Coat  <rf  15  bnsbelB  ot  com,  at  35  cents 5. 25 

Value  of  pastare  per  bead  pastured 6. 20 

The  pasture  specified  here  will  not  support  more  than  half  as  many 
head  per  acre  on  this  farm  by  feeding  corn  all  the  time.  The  valae 
of  this  pasture  is  only  $5.20  per  head,  against  $7.07  per  head  for  al- 
falfa pasture  on  the  other  farm. 

The  experiences  of  these  men  are  sufficient  to  show  the  value  of 
alfalfa  pasture  alone,  and  its  great«r  value  when  grain  is  fed  in 
connection,  and  that  it  is  an  important  factor  in  economic  pork  pro- 
duction. A  little  later  in  this  bulletin  will  be  given  the  feeding  sys- 
tems of  some  farmers  which  will  still  further  show  the  excellence  of 
this  forage  crop  and  others  and  the  co^  of  producing  pork  under 
such  systems. 

ALFAXFA   HAT. 

While  alfalfa  pasture  has  been  found  to  be  very  valuable  for  hogs, 
the  hay  as  a  part  ration  for  winter  is  scarcely  less  important. 
Throughout  the  region  referred  to  the  farmers  are  feeding  the  hay 
to  hogs  in  winter.  Many  feed  the  hay  by  throwing  it  on  the  ground 
in  forkfuls;  others  have  made  low  racks  in  which  the  hay  is  placed, 
where  the  hogs  can  feed  like  cattle  or  sheep.  The  hay  has  been  found 
to  be  especially  valuable  for  brood  sows  before  farrowing,  AVhere 
it  is  fed  during  the  winter  only  a  small  grain  ration  is  necessary  to 
keep  the  sows  in  good  flesh  and  in  healthy  condition.  Sows  thus  fed 
also  farrow  good  litters  of  strong,  healthy  pigs. 

The  hay  is  usually  fed  dry.  The  leaves  are  more  readily  eaten  by 
the  hogs  than  the  stems,  as  they  contain  more  of  the  nutritive  value 
of  the  plant.  For  this  reason  some  farmers  save  the  last  cutting  of 
hay  for  the  hogs  because  it  is  more  relished.  It  iw  eaten  up  cleaner, 
as  the  stems  are  not  so  woody,  and  more  food  value  is  found  in  the 
leaves.  Sometimes  the  hay  is  cut  up  tine,  wet,  and  mixed  with  other 
feed,  and  sometimes  it  is  fed  ground,  as  there  are  now  alfalfa  mills 
scattered  throu^out  the  alfalfa  regions.  But  it  ia  very  doubtful 
whether  this  extra  expense  will  pay,  unless  it  be  for  a  ration  for 
young  pigs. 
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To  avoid  the  expense  of  cutting  or  grinding,  some  farmers  in  ordOT 
to  get  the  hay  all  eaten  have  soaked  it  in  water  and  fed  it  This  has 
proved  very  satisfactory  where  tried.  One  Oklahoma  fanner  carried 
his  hogs  through  a  winter  by  feeding  them  alfalfa  leaves  soaked  in 
hot  water  for  one  day  and  the  next  day  shorts  mixed  with  the 
pulp  and  water.  He  feeds  much  alfalfa  hay  to  his  hogs  and  is  very 
successful  with  them.  He  puts  the  last  cutting  in  shock  as  soon  as 
wilted,  and  thus  cures  it  without  bleaching  and  feeds  it  to  his  hogs. 
Another  farmer  carried  his  entire  herd  of  hogs  through  the  winter 
by  feeding  them  the  pulp  of  alfalfa  hay  after  soaking  it  in  water  over 
night.  He  also  gave  them  the  water  to  drink.  This  was  all  the  feed 
they  had  during  the  winter,  and  they  were  in  good  flesh  in  the  spring, 
with  smooth  glossy  coats  of  hair.  A  Kansas  farmer  was  feeding  a 
bunch  of  50  fall  pigs  on  com;  during  the  winter  they  got  off  feed 
and  were  not  thrifty.  He  reduced  the  corn  and  gave  a  ration  of  two- 
thirds  chopped  alfalfa  hay  and  one-third  corn  meal,  the  two  soaked 
together.  The  hogs  began  to  do  better,  and  a  little  later  he  changed 
the  ration  to  one-third  alfalfa  and  two-thirds  corn.  The  results 
were  very  satisfactory,  and  the  cost  of  feed  was  reduced  from  $15  a 
month  on  corn  to  $9  a  month  on  alfalfa  and  corn.  So  alfalfa  hay,  as  - 
well  as  pasture,  has  a  very  important  use  on  a  hog  farm. 


In  northern  Oklahoma  and  southern  Kansas  fall  wheat  is  a  staple 
crop.  It  is  generally  seeded  from  the  middle  of  September  to  the 
first  of  October.  The  seeding  is  usually  IJ  to  1^  bushels  per  acre.  If 
the  ground  has  been  well  prepared  and  the  fall  is  not  too  dry,  this 
■will,  have  made  a  good  growth  by  the  time  alfalfa  pasture  is  begin- 
ning to  fail,  along  in  November.  The  .season  here  usually  remains 
open  until  Christmas,  so  that  six  weeks  of  very  good  pasture  are 
furnished.  Some  winters  are  so  open  that  the  wheat  remains  green 
most  of  the  winter  and  stock  find  pasture  all  winter.  The  spring 
opens  up  by  the  last  of  February  and  the  wheat  gets  green  again  in 
March,  By  judicious  pasturing,  not  pasturing  too  heavily  or  when 
the  ground  is  muddy,  much  green  feed  may  be  had  without  injury  to 
the  wheat.  The  farmers  here  have  taken  advantage  of  this,  and 
where  they  have  their  wheat  fields  fenced  hog  tight  they  turn  the  hogs 
from  the  alfalfa  field  to  the  wheat  field  in  November  and  leave  them 
there  during  the  winter  unless  the  wheat  gets  too  short  or  the  gi'ound 
become-s  muddy.  The  hogs  remain  in  the  wheat  until  April  and  do 
well  with  very  little  grain.  At  this  time  they  can  go  back  to  the 
alfalfa  field  again.     Thus,  green  pasture  is  furnished  the  year  round. 
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Where  this  is  possible  two  litters  a  ygar  of  200-pouncL  hogs  can  be 
raised  with  profit  and  pork  produced  very  cheaply. 

Wheat  will  not  carry  as  many  hogs  to  the  acre  as  alfalfa.  The 
usual  number  is  about  six  head  per  acre,  though  some  farmers  claim 
that,  the  maximum  is  about  ten.  One  man  claims  that  hogs  are 
one  of  the  best  animals  for  pasturing  on  wheat,  not  trampling  it  out 
as  cattle  or  horses  do.  Another  farmer  of  large  experience  thinks  it 
is  dangerous  to  pasture  pigs  at  about  weaning  time  on  wheat.  He 
has  lost  twice,  he  thinks,  from  that  cause.  The  last  time  he  saved 
only  15  out  of  45  head.  He  claims  that  wheat  is  too  Sbrous  and 
collects  in  balls  in  a  pig's  stomach  and  intestines,  causing  inflamma- 
tion, from  which  the  pig  dies.  It  is  claimed  by  some  farmers  that 
wheat  is  injurious  to  hogs  just  as  it  begins  to  shoot  in  spring.  More 
information  is  needed  on  this  point.  The  usual  practice  is  to  remove 
the  hogs  from  wheat  in  early  spring  and  put  them  on  alfalfa  or  other 
summer  pasture,  so  that  experience  with  wheat  pasture  later  in  the 
season  is  limited. 

The  value  of  wheat  as  pasture  lies  chiefly  in  the  fact  that  it  fur- 
nishes green  feed  for  the  hogs  at  a  season  of  the  year  when  it  is  very 
much  needed,  especially  by  young  and  growing  hogs.  By  having 
pasture  at  this  season  there  is  a  great  saving  of  grain,  very  little  being 
needed.  It  also  enables  fail  pigs  farrowed  in  September  to  be  carried 
through  the  winter  in  good  condition,  thrifty  and  well  grown,  so  that 
by  giving  com  in  the  spring  they  can  be  sent  to  market  by  June 
nearly  as  cheaply  as  the  March  pig  can  be  shipped  by  December. 
Quite  frequently,  where  hogs  have  been  grown  on  alfalfa  or  wheat 
pasture,  they  will,  when  put  on  a  heavy  feed  of  com,  make  a  gain  of 
12  to  15  pounds  for  every  bushel  fed. 


In  the  same  region  where  wheat  is  used  for  pasture,  oats  are  also 
used  for  spring  pasture  and  are  highly  spoken  of  by  all  who  have 
used  them.  Some  claim  that  hogs  will  do  better  on  oats  than  on 
wheat.  The  hogs  like  them  l»etter  and  will  eat  them  as  long  m  they 
grow,  while  they  do  not  like  wheat  when  it  begins  to  head.  In  tliis 
locality  many  sow  oats  in  March  to  furnish  spring  pasture  for  the 
hogs  when  they  come  off  the  wheat  and  before  the  alfalfa  is  ready  to 
pasture.  Sometimes  oats  are  sown  with  rape  at  this  time  for  the 
same  purpose  and  to  give  variety  to  the  pasture.  Oats  will  furnish 
pasture  at  about  the  same  rate  as  wheat. 

The  great  value  of  oats  is  due  to  the  fact  tjiat  they  furnish  suc- 
culent feed  at  a  season  when  it  is  much  needed,  giving  variety  to  the 
pasture.    They  are  .also  greatly  relished  by  hogs.    Oats  are  particu- 
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larly  valuable  as  pasture  for  sows  and  young  pigs,  many  farmers 
sowing  them  for  this  purpose.  One  fanner  claims  that  he  is  less 
troubled  with  scours  in  pigs  on  oat  pasture  than  on  alfalfa. 


Rye  is  riot  so  generally  grown  for  a  pasture  crop  In  Oklahoma  and 
Kansas  as  the  crops  just  discussed.  Many  farmers,  however,  use  rye 
to  make  a  part  of  the  pasture  crop  for  their  hogs,  and  its  value  can 
not  be  denied. 

Eye  is  seeded  from  September  1  to  the  middle  of  October.  The 
early  seeding  is  best,  as  it  comes  on  early  and  gets  well  established 
before  cold  weather  and  will  thus  make  better  fall  and  winter  pasture. 
Eye  is  an  excellent  pasture  for  late  fall'  winter,  and  early .  spring. 
If  not  pastured  too  heavily  in  the  spring  it  will  head  out  and  make 
a  very  good  yield  of  grain.  The  grain  is  an  excellent  ration  to  feed 
with  com  to  pigs  and  growing  hogs  or  to  grind  and  mix  in  slop  for 
sows  with  pigs. 

The  amount  of  pasture  furnished  by  rye  is  about  three-fourths 
'  that  furnished  by  alfalfa,  being  estimated  as  supporting  from  6 
to  12  hogs  per  acre.  One  man  reports  having  pastured  50  head 
of  hogs  on  5  acres  during  fall,  winter,  and  spring,  then  harvest- 
ing 20  bushels  of  grain  per  acre.  In  the  southern  part  of  this 
region  rye  would  be  an  excellent  cover  crop  for  the  soil  during  the 
winter.  Besides  furnishing  pasture  it  could  be  turned  under  as  a 
green  manure  to  add  humus  to  the  soil. 


"While  alfalfa,  wheat,  oats,  and  rye  are  the  principal  forage  crops, 
there  are  otliers  that  are  used  to  some  extent.  Among  these  are 
clover,  rape,  sorghum,  cowpeas,  soy  beans,  artichokes,  and  grasses. 


The  clovers  are  not  generally  used  in  the  territory  discussed.  Among 
thoHj  most  used  for  pasture  crops  are  red  clover  and  white  clover. 
These  are  good,  especially  in  the  latitude  of  central  Kansas  and 
farther  north,  but  south  of  this  the  clovers  do  not  do  so  well.  Eed 
clover  and  white  clover  are  the  older  pasture  crops  and  are  in  more 
general  umc  in  the  older  sections  of  the  country.  They  are  both 
excellent  forage  crops  for  hogs.  Eed  clover  comes  in  well  in  the 
rotation  of  crops;  it  fertilizes  the  land  and  furnishes  both  pasture 
and  hay.  It  is  often  sown  with  oats  or  barley  in  the  spring,  or 
later  in  com  after  the  last  cultivation.    It  does  very  well  with  com 
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where  there  is  sufficient  rainfall,  but  in  the  drier  regions  thia  method 
of  seeding  clover  is  not  to  be  recommended.  The  first  fall  it  is  used 
for  pasture;  the  second  season  it  is  used  as  a  pasture  and  hay  crop. 
It  will  furnish  pasture  for  about  ten  head  of  hogs  per  acre  during 
the  first  half  of  the  season  and  half  that  many  the  last  half,  pro- 
vided the  soil  is  fairly  good  and  the  season  not  too  dry.  The  hay 
is  excellent  for  hogs,  especially  for  brood  sows  in  winter,  but  does 
not  equal  alfalfa  hay. 

White  clover  is  better  used  in  permanent  pasture  with  some  of  the 
grasses,  as  Kentucky  bluegrass.  It  will  not  furnish  as  much  pasture 
as  red  clover,  but  is  especially  good  while  in  bloom  during  May  and 
June.  It  does  better  on  moist  ground  than  red  clover  and  will  do 
very  well  on  some  poor  soils.  It  is  not  recommended  to  sow  alone 
nor  for  hay,  although  the  dry  hay  contains  upward  of  14  per  cent  of 
crude  protein. 

Alsike  clover  is  better  in  some  regions  than  red  clover,  especially  on 
low,  moist  ground.  In  some  localities  farther  north  it  does  better 
and  is  a  more  certain  crop.  It  will  supply  about  as  much  pasture  as 
red  clover,  is  seeded  at  the  same  time,  and  furnishes  pasture  for  the 
same  period.  As  a  hay  crop  it  will  not  yield  as  much,  but  it  is  a  little 
better  than  red  clover,  as  it  does  not  have  as  woody  a  stem. 

Critnson  clover  has  not  succeeded  well  in  the  past  in  this  region,  but 
is  to  be  recommended  for  further  trial  as  a  pasture  crop.  Along  the 
Atlantic  coast,  the  only  region  where  it  is  largely  and  successfully 
grown,  it  has  been  found  that  the  hairs  of  the  blossoms  are  likely  to 
gather  in  dense  balls  in  the  stomach  and  intestines  of  animals,  espe- 
cially the  horse,  and  cause  death.  For  this  reason  it  should  not  be  cut 
for  a  hay  crop  after  the  flowers  mature.  It  is  an  excellent  winter 
pasture  crop  for  swine,  however,  and  will  furnish  more  pasture  than  " 
red  clover.  It  is  a  winter  annual,  and  should  be  sown  in  August  or 
September. 

The  chief  value  of  crimson  clover  is  that  it  acts  as  an  excellent 
cover  crop  for  soil  during  the  winter  months  and  prevents  the  soil 
from  washing  or  leaching.  It  also  furnishes  in  southern  regions 
excellent  winter  and  early  spring  pasture  for  hogs. 


Bape  is  usually  sown  in  early  spring — in  March  or  early  in  April — 
in  Oklahoma  and  furnishes  pasture  by  May.  The  Dwarf  Es.sex 
variety  is  used.  It  is  seeded  either  broadcast,  at  about  4  pounds  of  seed 
per  acre,  or  else  in  drills  30  to  32  inches  apart,  using  3  pounds  per  acre. 
Drilling  is  the  best  method,  as  this  permits  of  cultivation.  The  plants 
grow  more  rapidly  and  make  pasture  sooner.     When  sown  in  drills, 
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the  hogs  will  not  break  down  and  destroy  so  much  of  the  crop.  Early- 
sown  rape  will  furnish  pasture  from  May  until  August.  If  rape  is 
not  grazed  too  closely  in  the  spring  and  the  stalk  is  not  eaten  off,  it 
will  grow  up  and  make  fall  pasture. 

A  good  growth  of  rape  will  supply  pasture  for  about  15  or  20  hogs 
to  the  acre.  One  man  claims  that  it  will  take  25  head  to  pasture 
it  down.  . 

It  is  often  difficult  to  get  hogs  to  eat  rape  at  first  if  they  have  not 
been  accustomed  to  it.  For  this  reason  it  is  not  grown  by  some.  Its 
value  as  a  forage  crop,  however,  is  shown  in  the  experiments  of  the 
Wisconsin  Agricultural  Experiment  Station,  where  it  was  proved  to 
have  a  feeding  value  per  acre,  when  combined  with  a  ration  of  com 
and  shorts,  equivalent  to  2,436  pounds  of  grain  and  a  money  value  of 
$19.49  per  acre.  When  the  cost  of  seeding  is  counted,  rape  proves 
valuable  for  pasture,  as  the  seed  can  be  bought  usually  for  8  cents  a 
pound  and  3  to  5  pounds  an  acre  is  all  that  is  needed.  Kape  should 
not  be  pastured  until  it  is  a  foot  high. 

Considerable  complaint  is  found  with  rape  because  it  causes  sores 
and  scabs  on  the  hogs.  Sometimes  the  skin  has  the  appearance  of 
being  blistered.  This  is  especially  true  of  white  hogs.  This  diffi- 
culty can  be  remedied  somewhat  by  removing  the  hogs  to  other 
pasture  crops  for  part  of  the  time  and  applying  a  mixture  of  sulphur 
and  lard  to  the  sores. 

As  one  of  the  annual  forage  crops  rape  is  valuable  on  account  of  the 
cheapness  of  the  pasture,  the  quantity  of  feed  furnished,  the  general 
thriftiness  of  the  hogs  on  the  pasture,  .and  because  it  adds  variety  to 
the  ration  and  is  available  at  a  time  when  other  pastures  maybe  short. 


Sorghum  is  used  quite  extensively  in  the  drier  upland  regions  for 
summer  pasture.  It  is  valuable  on  account  of  the  great  amount  of 
feed  furnished,  pasturing  from  20  to  30  head  of  hogs  per  acre.  It 
comes  in  as  a  summer  pasture  when  other  pastures  are  frequently 
short  on  account  of  hot,  dry  weather.  It  is  sown  in  May  and  fur- 
nishes pasture  during  July,  August,  and  Septemher,  or  even  later. 

Sor^um  is  less  palatable  and  nutritious  than  many  other  forage 
crops  adapted  to  this  region.  For  this  reason  many  do  not  like  it  as 
a  pasture  crop.  Hogs  do  not  thrive  as  well  on  it  as  on  alfalfa  and 
require  more  grain  to  keep  them  growing  nicely. 

The  special  value  of  sorghum  lies  in  the  fact  that  it  furnishes  a 
great  abundance  of  pasture  in  dry,  hot  weather  when  alfalfa  makes 
little  growth.  After  it  is  well  started,  say  2  feet  high,  it  will  furnish 
fairly  good  pasture  for  30  hogs  to  the  acre  for  a  few  weeks,  and 
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a  good  crop  will  carry  25  head  of  100-pound  pigs  nearly  all  siunmer. 
Gienerally  speaking,  it  is  used  only  to  fill  in  during  dry,  hot  weather 
when  alfalfa  is  at  a  standstill. 


Cowpeas  are  just  beginning  to  be  recognized  in  this  section  as  hav- 
ing great  feeding  ^nd  fertilizing  value.  They  do  much  toward  restor- 
ing the  fertility  of  the  soil,  and  some  farmers  are  making  use  of  the 
vines  as  a  forage  crop  for  their  hogs.  Wherever  they  have  been  tried 
±he  fanners  are  enthusiastic  in  their  praise  of  them.  Not  enoiigh  data 
have  been  obtained  on  pasturing  to  be  able  to  say  how  many  head  of 
hogs  cowpeas  will  support  per  acre ;  but  in  a  comparison  of  their  feed- 
ing value  with  corn  for  hogs  the  results  obtained  by  the  South  Caro- 
lina Experiment  Station  show  their  importance.  In  this  test  6.02 
pounds  of  com  and  4,91  pounds  of  cowpeas  were  necessary  to  produce 
a  pound  of  pork.  One  farmer  in  Oklahoma  reported  that  his  hogs 
preferred  the  cowpea  hay  to  alfalfa  hay.  All  kinds  of  stock  are  fond 
of  the  hay  and  do  well  on  it. 

The  value  of  cowpeas  as  a  forage  crop  lies  in  the  fact  that  they  fur- 
nish a  food  on  which  the  hogs  make  good  gains.  The  plants  will 
make  a  good  growth  on  rather  poor  soil  and  furnish  feed  during  late 
summer  and  fall  when  other  green  crops  may  be  short.  They  also 
bring  the  soil  into  a  more  productive  state,  the  same  as  clover  or 
alfalfa. 

If  cowpeas  are  planted  in  May  they  will  make  late  summer  pasture. 
The  best  pasture  is  obtained  after  the  peas  are  formed  and  well  grown, 
as  the  peas  are  very  nutritious  and  cause  the  hogs  to  gain  in  flesh 
rapidly. 

In  this  same  latitude  in  the  higher  altitudes,  as  in  the  San  Luis  Val- 
ley in  southern  Colorado,  where  it  is  too  cold  for  com,  the  farmers 
have  found  the  Canadian  field  pea  a  very  proBtable  crop  for  forage 
both  for  sheep  and  hogs.  A  large  acreage  of  these  peas  is  put  in  each 
year,  the  peas  being  sometimes  sown  alone,  but  more  frequently  with 
oats  or  barley.  The  seeding  is  done  in  April  or  early  in  May,  and  the 
crop  can  be  pastured  by  midsummer.  The  best  season  for  pasturing 
however,  is  later,  when  the  peas  have  formed,  the  stock  being  allowed 
to  harvest  the  crop.  Hogs  make  a  very  thorough  harvesting,  (clean- 
ing up  the  peas  and  the  vines  quite  thorouglily.  AVhat  vines  are  left 
on  the  ground,  together  with  the  manure,  enrich  the  soil  and  add  more 
humus  to  it.  In  addition  to  this  the  labor  of  harvesting  is  saved. 
Some  fields,  of  course,  are  harvested  for  hay  and  make  excellent  win- 
ter forage  for  cattle,  horses,  and  sheep.  The  hogs  raised  in  this  valley ' 
receive  no  com.  They  go  on  the  market  as  bacon  hogs  and  top  the 
market  in  competition  with  corn-fed  hogs.  Thegd  hogs  usually  get  no 
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farther  than  Pueblo,  Leadville,  Silverton,  and  adjoining  towns.  The 
Pueblo  packers  have  been  using  them  for  a  number  of  years  and  speak 
very  highly  of  them.  Thus,  the  field  pea  has  made  the  hog  industiy 
profitable  outside  of  the  com  belt. 

SOY   BB&KB. 

The  soy  bean  is  used  but  little  as  a  forage  crop  by  farmers  in  this 
section,  and  the  value  of  thjs  crop  is  but  little  appreciated.  Soy 
beans  can  be  planted  <hi  a  field  from  which  a  small  grain  crop  has 
been  removed,  and  some  varieties  will  make  an  excellent  growth  of 
forage  and  even  mature  seed.  They  will  thus  furnish  pasture  for 
hogs  during  the  latter  part  of  August  and  September,  and  the  green 
and  ripening  beans  when  harvested  by  the  hogs  in  this  way  make 
an  excellent  feed.  The  beans  when  fed  in  a  ration  consisting  of  one 
part  beans  and  three  to  five  parts  of  corn  or  Kafir  com,  as  shown  by 
the  Kansas  Agricultural  Experiment  Station,  make  a  very  profitable 
ration  for  fattening  hogs.  The  saving  in  the  amount  of  feed  nec- 
essary to  make  a  gain  of  100  pounds  is  from  13.2  to  37.5  per  cent 
and  the  increase  in  gain  is  from  14.6  to  96.4  per  cent.  Also,  in  a 
feeding  test  at  the  Indiana  Agricultural  Experiment  Station,  where 
soy  beans,  middlings,  and  tankage  were  used  as  rations  with  com, 
the  soy  beans  proved  to  be  the  most  valuable  adjunct  used.  As 
compared  to  com  fed  alone,  hogs  that  received  one-third  soy  beans 
to  two-thirds  com  made  two  and  one-fifth  times  as  much  gain  in  the 
same  length  of  time.  The  cost  per  100  pounds  of  gain  where  com 
was  fed  alone  was  $5.01  against  $3.59  where  one-third  soy  beans  and 
two-thirds  corn  was  fed.  Hogs  so  fed  look  thrifty,  have  a  good  appe- 
tite, fatten  rapidly,  and  have  glos.sy  hair  like  animals  fed  oil  meal. 

The  great  value  of  the  soy  bean  is  its  power  to  withstand  excessive 
drought,  like  Kafir  com,  and  it  will  also  withstand  much  wet  weather. 
It  is  not  attacked  by  chinch  bugs  and  in  addition  to  its  great  feeding 
value  makes  an  excellent  second  crop  following  wheat  or  oats  to  build 
up  run-down  or  thin  soil.  Protein  is  very  necessary  in  a  ration  for 
building  bone  and  muscle,  as  all  feeders  are  coming  to  know,  and  the 
soy  bean  is  exceptionally  ricli'  in  this.  It  even  stands  ahead  of  alfalfa 
in  this  respect 


The  grasses  are  not  so  good  for  hog  pasture  as  the  crops  previously 
mentioned,  but  they  are  used  to  some  extent.  Those  most  commonly 
grown  are  Kentucky  bluegrass,  English  bluegrass  or  meadow  fescue, 
Bermuda  grass,  and  the  native  wild  passes. 

Kentucky  bhiegrnss  is  used  through  Kansas  and  southern  !N'ebraska. 
South  of  Kansas  in  Oklahoma  Bermuda  grass  is  used. 
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As  an  example  of  the  value  of  English  bluegrasa,  the  experience  of 
one  fanner  in  northern  Oklahoma  may  be  cited.  He  uses  only 
EDglish  bluegrasa  and  wild  grass  as  pasture.  On  12  acres  of  the 
blnegrass  sown  the  fall  before,  he  pastured  150  head  of  stock  hogs 
all  the  spring  until  about  the  middle  of  May.  The  hogs  were  then 
taken  off  and  the  grass  allowed  to  go  to  seed.  This  fanner  states  that 
he  harvested  a  crop  of  seed  larger  than  the  ordinary  crop. 

Bermuda  grass  is  not  much  used  as  a  pasture  for  hogs,  but  should  ' 
be  grown  more  in  regions  to  which  it  is  adapted.  It  is  relatively 
rich  in  protein,  is  not  easily  killed  out  by  pasturing,  and  withstands 
drought  well.  It  is  often  used  as  a  soH  binder  and  might  well  be 
used  for  hog  pasture.  Many  hilly  farms  that  are  now  washing 
badly  could  be  put  in  Bermuda  grass  and  pastured  to  stock,  thus 
saving  the  land  and  building  up  the  soil.  Some  farmers  are  begin- 
ning to  make  use  of  this  grass  and  are  fencing  it  for  hog  pasture. 
It  withstands  heavy  grazing,  rooting,  and  trampling. 

Some  farmers  have  fenced  in  the  prairie  grass  and  are  now  grazing 
their  hogs  on  it.  While  it  does  not  have  a  very  high  feeding  value, 
hogs  will  do  very  well  on  it  with  grain.  One  man  claims  that  prairie 
grass  will  make  hogs  hold  their  own  at  the  rate  of  6  head  per  acre. 


The  root  crops  most  used  in  this  territory  are  potatoes,  artichokes, 
peanuts,  and  sugar  beets. 

Artichokes  are  a  very  good  root  crop  to  use  for  hogs.  They  can  be 
planted  in  the  spring  the  same  way  as  potatoes  and  cultivated  the 
same.  In  the  fall  the  hogs  can  be  turned  in  to  harvest  them.  They 
thus  furnish  a  good  late  fall  and  winter  food,  especially  for  brood  . 
sows  and  shoats.  One  farmer  claims  that  1  acre  will  keep  from  20  to 
30  head  in  fine  condition  from  Octolwr  till  spring.  Their  use  reduces 
considerably  the  amount  of  com  that  must  be  fed.  None  of  the  tubers 
need  be  dug  except  for  seed;  the  hogs  will  dig  the  rest.  Early  in  the 
fall  hogs  do  not  eat  artichokes  readily.  In  winter  and  spring  they  eat 
them  greedily. 

Artichokes  have  a  tendency  to  become  a  pest  on  cultivated  land,  or 
if  planted  continuously  on  the  same  land  they  become  diseased.  They 
nlay  be  grown  very  successfully,  however,  in  a  pasture  crop  rotation 
for  hogs.  As  the  acreage  needed  is  not  large,  they  can  be  planted  on  a 
part  of  a  field  in  March  or  April  and  the  rest  of  the  field  sown  to  rape. 
In  August  the  part  sown  to  rape  can  be  reseeded  to  rape  for  fall  pas- 
ture. This  field  can  be  sown  to  oats  the  next  spring  after  rape,  and 
barley  sown  after  the  artichokes.  The  crop  may  be  pastured  continu- 
ously if  needed,  or  later  mowed  for  hay.    In  August,  after  this  crop  is 
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removed,  rye  and  clover  may  be  sown.  This  will  furnish  pasture  for 
the  ensuing  fall  and  for  the  following  year.  This  makes  a  three-year 
rotation  of  pasture  croje  that  fit  in  very  well  with  each  other.  Pre- 
paring the  land  in  July  and  August  for  the  following  crop  of  rye  and 
clover  effectually  eradicates  the  artichokes. 

The  Oregon  Agricultural  Experiment  Station  made  a  test  to  deter- 
mine the  feeding  value  of  artichokes  with  grain  for  hogs.  The  result, 
of  the  test  showed  that  where  artichokes  were  fed  there  was  a  saving 
of  nearly  2  pounds  of  grain  for  every  pound  of  gain  in  live  weight 
Besides,  the  hogs  were  healthy  and  vigorous  all  the  time. 

The  artichoke  is  superior  to  the  common  beets  and  turnips  for 
hogs — about  the  same  as  potatoes — and  they  are  richer  in  protein  than 
sweet  potatoes. 

Peanuts  are  but  little  used  in  this  region,  but  farther  south  and  east 
they  are  used  extensively.  One  man  estimates  that  when  pork  is  4 
cents  a  pound,  peanuts  return  $10  per  acre  when  harvested  by  hogs. 

The  Alabama  Agricultural  Experiment  Station  made  investiga- 
tions as  to  the  relative  value  of  peanuts,  chufas,  cowpeas,  rape,sor- 
ghum,  and  sweet  potatoes  as  pasture  crops  for  hogs.  The  amount  of 
grain  required  with  peanuts  to  make  1  pound  of  gain  was  1.77 
pounds;  with  chufas,  2.3  pounds;  with  rape,  2.68  pounds;  with  cow- 
peas,  3,07  pounds;  with  sweet  potatoes,  3.13  pounds,  and  with  sor- 
ghum, 3,7  pounds.  Five  Tamworth  hogs  in  twenty  days  on  Spanish 
peanuts  gained  2.29  pounds  a  day  each. 

Peanuts  can  be  very  profitably  grown  in  many  sections  of  the 
latitude  of  Oklahoma  and  Kansas.  This  crop  will  do  better  on  a 
sandy  loam  than  on  a  heavy  clay  soil,  and  will  make  a  fair  crop  on 
thin  soil  where  com  will  not  yield  well.  They  are  a  very  good  crop 
'  to  raise,  both  for  pasture  and  for  hay ;  stock  of  aII  kinds  are  very 
fond  of  the  hay.  When  the  nuts  are  left  on,  it  is  richer  in  protein 
than  alfalfa  hay.  The  variety  best  to  grow,  both  for  hay  and  pas- 
ture for  hogs,  is  the  Spanish  peanut.  It  is  a  small-sized  nut  and 
grows  in  great  clusters  close  around  the  taproot  of  the  plant.  The 
Spanish  nut  is  not  so  particular  in  soil  requirements  as  the  larger 
varieties  and  is  easier  harvested  on  account  of  growing  in  clusters. 

It  is  claimed  that  peanuts  fian  be  grown  in  dry  i-egions  where  corn 
will  not  succeed.  This,  if  true,  is  important  in  the  southern-plains 
region.  Peanuts  can  be  made  to  take  the  place  of  com  in  fattening 
hogs,  although  the  peanut-fed  hog  makes  softer  lard  and  the  quality 
of  the  meat  is  not  so  good,  especially  in  the  bacon  hog.  But  as  an 
adjunct  to  corn  the  peanut  is  an  excellent  forage  crop.  It  is  claimed 
that  the  northern-grown  nut  is  better  flavored  and  less  oily  than  that 
grown  in  the  South. 
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The  peanut  can  be  planted  the  last  of  April  or  first  of  May  ia  the 
latitude  of  the  regions  discussed  in  these  pages  and  is  ready  to  tarn 
the  hogs  on  by  the  last  of  August. 

In  Colorado,  in  the  sugar-beet  district,  hogs  have  been  fed  quite 
extensively  on  beets  in  the  winter.  Beets  do  not  prove  satisfactory 
when  fed  alone,  but  are  used  to  some  extent  as  part  ration  with  grain. 
One  farmer  states  that  he  saves  a  good  supply  each  year  to  feed  in 
the  winter  to  his  hogs  to  keep  them  in  a  healthy  condition. 

In  a  feeding  test  at  the  Colorado  Agricultural  Experiment  Station 
sugar  beets  proved  to  be  wholly  unsatisfactory  when  fed  with  grain. 
The  cost  per  hundred  pounds  of  gain  of  beets  and  barley  fed  hogs 
was  $6.01 ;  of  beets  and  com  fed  hogs,  $7.22,  the  latter  being  higher 
than  any  other  ration  fed. 

PUMTEINa. 

Pumpkins  are  an  excellent  feed  for  keeping  hogs  in  a  healthy 
condition.  Many  farmers  claim  that  the  seeds  of  pumpkins  will 
prevent  worms  in  pigs  and  shoats  and  that  a  ration  of  pumpkins 
fed  with  grain  will  keep  hogs  thrifty  and  give  them  a  good  appetite. 
A  good  many  wagonloads  can  be  grown  on  an  acre  of  rich  land. 
Stumpy  land  op  low  moist  land  will  grow  good  pumpkins. 

PASTUILE  OBOPS  POS  DIFFEBEKT  SEASONS. 

It  is  not  the  purpose  of  this  bulletin  to  discuss  tlje  rotation  of 
crops  and  its  importance  on  the  farm,  but  the  aim  is  to  briefly  men- 
tion the  forage  crops  that  are  adapted  for  hogs  each  month  of  the 
year  in  this  region  and  to  explain  how  they  can  be  made  to  overlap 
each  other,  so  that  green  pasture  can  be  provided  for  each  month 
in  the  southern  part  of  the  territory  discussed  and  for  the  greater 
part  of  the  year  in  the  northern  part.  Hog  raisers  know  that  some 
months  of  the  year  there  is  an  abundance  of  pasture,  while  at  other 
seasons  there  is  very  little,  if  any.  At  such  times  other  feeds  must 
be  resorted  to  that  will  supply  the  deficiency.  The  extra  feed  re- 
quired is  expensive  and  cuts  down  the  margin  of  profit  in  pork 
production. 

It  will  not  be  practicable  to  name  the  crop  that  is  best  adapted  to 
every  locality  for  the  different  seasons,  as  each  farmer  must  know  his 
soil  and  conditions  and  adapt  his  crops  to  those  conditions.  The  fol- 
lowing table  will  show  the  crops  that  may  be  ready  for  pasture  in  the 
months  specified  and  the  possible  area  of  pasture  provided,  but  the 
choice  of  one  or  more  of  these  must  be  left  to  the  farmer  himself. 
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nit  paamre  daring— 


Oc  tflber  &nd  November 


Decern  ber  uid  Juiuary 


February  and  March. 


rOklahonu 


latitude  Ciopa  tbat  mar  l>" 


Rja 

&(::::::::;:; 

Jala 

Kentucky    blue- 

Bncllib  bluegrai* 
Sprlnit  rye. . 


Sprlnit 'rye!!'.!! 
LatemU 

Prairie  glass... 
Sorghum 


Time  of  »wlng. 


March  1 

....do 

PrerliHUfall 

....do 

Urtof  Hanih.. 


Prerlone  fiJl 

Harehl 

AprtllB 

•^■- AprU 


PrcTloua  yeiir . . . 

Mareh 

Uarchlto April  IS.. 


April.: 


Its!.:: 


Sweet  pMatoea . . 


Aprill 

Predoufiyear., 

Septemberis... 
September  1 


April 

September  Ifi  to  October  1. 

Peplember 

ApHI 

Geptemberl 


.    April 

,j  September l&leOctoberl. 

.    September 

,    April 


3  the  ulie  of  the  bog*.    Tbia  eatlroate 


dependa 

^JKh'trom 


a  Indicated  If  it  la  not  pastured  too  cloar  In  the  aprlog. 
wii!  nrancn  out  irom  toe  rooca  and  atem  In  the  fall.     It  may  also  be  plaoted  In  August 

'ArtlcBokes  are  aTallable  when  not  frozen,      Tbey  may  be  leFt  lb   the  ground  nntll  It 

BWH  In  the  apring,  wbeD  the  hogs  will  flnlah  harvesting  tbem. 

'  Wheat  should  not  be  paatured  atter  the  Ist  ot  April  If  a  crop  of  grain  la  desired. 
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BTSTBICS  OB-  HOQ  FEESISa. 

Nearly  every  farmer  who  has  succeeded  with  hoga  has  a  feeding 
system  of  his  own,  yet  there  are  some  features  common  to  all.  A 
good  illustration  of  the  successful  handling  of  hogs  on  a  small  farm 
is  that  employed  by  a  man  in  northern  Oklahoma  on  an  80-acre  farm. 
He  has  his  whole  farm  fenced  hog-tight  and  turns  off  annually  from 
it  an  average  of  100  head  of  hogs.  All  these  are  of  his  own  raising 
and  are  grown  and  fitted  for  market  with  the  crox>s  raised  on  his 
farm,  with  the  exception  that  a  little  corn  is  occasionally  bought. 
He  has  5  acres  of  alfalfa  and  each  autumn  sows  5  acres  of  wheat  for 
late  fall  and  winter  pasture.  In  the  spring  he  sows  oats  to  supple- 
ment the  wheat  and  alfalfa.  The  wheat  is  sown  at  the  rate  of  lij 
bushels  to  the  acre,  about  September  1,  and  furnishes  pasture  in  the 
fall,  when  alfalfa  pasture  is  getting  short,  and  for  a  part  of  the 
.winter.  The  wheat  will  also  furnish  some  pasture  for  the  hogs  in 
the  spring.  The  oats  tide  over  until  the  alfalfa  is  ready  for  pasture. 
Thus,  green  feed  is  furnished  for  the  greater  part  of  the  year.  The 
rest  of  his  80  acres  this  farmer  plants  to  corn.  A  part  of  this  corn 
is  fenced  off  and  "  hogged  down  "  in  the  fall.  As  fast  as  the  hogs 
need  it  the  fence  is  moved  over,  and  fresh  corn  is  taken  in.  This 
pasturing  is  begun  at  the  same  time  that  com  is  usually  cut  up  green 
and  fed  to  hogs,  i.  e.,  when  it  is  in  the  roasting-ear  stage.  Spnng 
pigs  are  turned  on  this.  This  plan  of  feeding  is  kept  up  until  the 
remainder  of  the  com  is  all  husked  from  the  field.  Then  the  hogs 
are  turned  in  to  clean  up  the  waste  com  in  the  field.  Last  summer 
cowpeas  were  drilled  in  the  com  when  plowing  the  last  time.  These 
furnished  much  valuable  feed  in  addition  to  the  com. 

In  April  this  man  had  '20  head  of  fall  pigs  averaging  about  1^5 
pounds.  These  shoats  had  had  no  feed  except  wheat  and  alfalfa 
pasture  and  the  waste  grain  they  gathered  from  the  field  except  a 
little  com  that  was  thrown  to  them  each  day  in  the  late  winter  and 
early  spring.  In  April  they  were  put  on  ground  com  for  thirty  days. 
During  this  time  each  ate  an  average  of  one- fourth  bushel  daily.  At 
the  end  of  thirty  days  they  averaged  225  pounds.  This  makes  an 
average  gain  of  SJ  pounds  per  day,  or  a  little  more  than  13  pounds 
of  gain  for  each  bushel  of  com  fed.  The  market  price  of  com  was 
50  cents  a  bushel.  The  hogs  sold  at  $5.50  per  hundred,  thus  bringing 
73^  cents  a  bushel  for  the  corn  fed. 

This  farmer  raises  two  litters  of  pigs  a  year,  farrowed  in  March 
and  September,  turning  off  fall  pigs  in  the  spring  and  spring  pigs  in 
the  fall,  selling  at  6  to  8  months  old.  From  March  15  to  November 
1,  1906,  he  tumed  off  $720.50  worth  of  hogs  and  had  22  head  in  the 
fattening  pens,  all  of  his  own  raising  and  all  grown  and  fattened 
on  the  products  of  his  own  farm. 
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Another  farm  in  the  same  locality  will  serve  as  an  illustration  of 
what  may  be  done  with  fall  pigs  in  this  section.  Eighty  head  ran  on 
the  alfalfa  and  wheat  fields  of  the  farm  during  fall  and  winter, 
They  gathered  roughage  and  waste  grain  in  the  fields  and  were  fed 
no  grain  until  6  months  old.  At  this  age  they  averaged  135  pounds. 
They  were  then  fed  some  com  on  alfalfa  pasture,  the  amount  grad- 
ually increasing  till  the  pigs  were  on  full  feed.  Com  was  fed  for 
two  months,  during  which  time  the  pigs  made  an  average  gain  of  14 
pounds  for  every  bushel  of  com  fed.  They  were  sold  at  8  months 
old,  weighing  285  pounds  each.  The  price  of  the  com  was  45  cents  a 
bu^el.  This  makes  the  cost  of  the  com  fed  $257.14,  or  $3.21  for  each  ' 
hog.  At  the  average  price  of  hogs  in  this  locality,  5J  cents,  the 
herd  averaged  $12.92^  per  head.  Deducting  the  price  of  com  fed 
leaves,  as  the  value  of  the  fall  and  winter  pasture  for  each  hog,  $9.71. 

Another  farmer  ran  a  bunch  of  September  pigs  on  alfalfa  and 
wheat  pastures  until  the  following  May,  when  they  weighed  12fl 
pounds.  They  received  in  addition  one  ear  of  com  each  twice  a  day. 
At  this  time  the  com  was  increased  gradually  until  each  hog  was 
getting  10  ears  twice  a  day,  which  this  farmer  claims  is  the  maxi- 
mum feed  for  young  hogs.  They  were  fed  thus  for  six  weeks,  mak- 
ing in  this  time  a  gain  of  about  100  pounds  a  head  and  consuming 
10  bushels  of  com  each  at  a  cost  of  $3.50  a  head,  or  ^  cents  a  pound 
for  each  pound  of  gain  on  com.  Allowing  4  bushels  more  as  the 
quantity  probably  fed  up  to  the  fattening  period  at  two  ears  a  day, 
makes  the  cost  for  com  for  each  hog  $4.90.  To  this  adding  $1.10  a 
head  for  pasture  and  slop  (the  cost  of  the  slop  fed  is  not  known) 
brings  the  cost  of  each  hog  to  $6.50  a  head,  or  2$  cents  a  pound. 
This  allowed  a  good  margin  of  profit  at  the  ruling  price  of  pork. 

To  show  the  importance  of  alfalfa  hay  in  a  system  of  feeding,  the 
practice  of  the  farmers  around  North  Platte,  Nebr.,  and  elsewhere 
may  be  mentioned.  The  alfalfa  hay  is  ground  up  fine  or  else  fed 
whole  with  com  in  the  proportion  of  about  5  pounds  of  alfalfa  to  1 
pound  of  com.  This  is  fed  to  the  brood  sows  during  the  winter,  and 
they  come  through  in  excellent  condition  on  very  cheap  feed.  In  many 
sections  alfalfa  hay  is  worth  about  $5  a  ton  on  the  farm.  One  ton 
of  alfalfa  and  about  8  bushels  of  corn  will  keep  three  brood  sows  one 
hundred  and  thirty  days,  or  nearly  the  whole  winter.  The  hogs  so 
kept  farrow  pigs  that  are  remarkable  for  their  vigor  and  size. 

In  these  times  of  scarcity  of  labor  and  its  high  price  many  farmers 
are  trying,  to  reduce  the  labor  on  the  farm.  Some  of  the  hog  raisers 
have  adopted  the  plan  of  harvesting  the  com  crop  by  turning  the 
hogs  into  the  cornfield  and  letting  them  gather  it,  or  "hogging  it 
down,"  as  it  is  called. 
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One  man  in  Ohio  turned  122  spring  pigs  and  older  hogs  into  a  10- 
acre  cornfield  in  September.  The  total  weight  of  the  hogs  was  15,693 
pounds.  The  spring  pigs  averaged  82  pounds  and  the  older  hogs  150 
pounds.  There  TPas  about  the  same  number  of  each  kind.  The  com 
would  yield  about  60  bushels  an  acre,  and  in  it  there  were  a  good 
many  pumpkins.  The  hogs  had  access  also  to  a  5-acre  clover  field 
from  which  the  seed  had  been  removed.  Water  was  hauled  to  them 
and  they  had  the  shade  of  the  woods  near  by.  In  twenty-eight  days 
the  hogs  had  gained  6,522  pounds.  At  this  time  57  head  were  sold, 
averaging  245  pounds,  bringing  $5.15  per  hundred.  The  remainder 
were  not  sold,  but  the  farmer  was-ofTered  $5  per  hundred  for  them. 
Counting  the  entire  gain  of  6,522  pounds  at  $5  would  make  $327.60, 
or  $31.20  per  acre  for  the  field.  This  paid  52  cents  a-  bushel  for  the 
com  which  on  the  market  was  worth  40  cents.  The  whole  herd  of 
hogs  made  an  average  daily  gain  of  1.92  pounds. 

Another  man  in  southern  Kansas  makes  a  practice  of  "hog^ng 
down  "  .com.  He  uses  a  portable  fence  and  fences  oflf  5  to  10  acre.; 
at  a  time,  taking  in  more  as  needed.  He  turns  the  hogs  in  the  com 
in  August.  On  12  acres  of  corn  one  year  he  fattened  50  head  of 
hogs,  using  about  600  bushels  of  com.  Of  the  bunch  42  head  were 
sold,  averaging  240  pounds,  netting  $600.  Allowing  100  pounds 
gain  for  each  hog  on  the  corn  thus  fed,  the  com  brought  41^  cents 
a  bushel,  without  the  expense  of  gathering. 

Another  man  in  Oklahoma  has  been  "  hogging  down  "  com  for  a 
number  of  years.  About  500  head  of  hogs  are  turned. off  this  farm 
every  year.  By  gathering  and  weighing  com  beside  that  which  was 
gathered  by  hogs,  it  was  found  that  a  bushel  of  com  "  hogged  down" 
will  make  as  much  pork  as  the  same  quantity  husked  and  fed,  while 
the  expense  of  harvesting  is  saved ;  besides  saving  the  labor  of  feed- 
ing the  com  to  the  hogs  the  field  is  also  cleaned  up  better  than  a 
busked  field. 

An  low'a  farmer  began  hogging  down  corn  several  years  ago,  using 
20  acres  the  first  year.  He  watched  carefully  the  feeding  of  the 
hogs  on  this  field  and  concluded  that  no  more  com  was  wasted  than 
would  have  been  left  in  the  field  by  the  average  husker.  Since  that 
tlihe  he  has  hogged  down  all  his  corn,  thus  saving  the  expense  of 
husking.  This  man  says  the  cost  of  hulking  for  one  year  will  fence 
the  field  hog-tight  if  there  is  already  a  wire  fence  for  cattle.  Husk- 
ing 40  acres  of  corn  yielding  40  bushels  per  acre,  at  4  cents  per 
Wshel — it  has  cost  nearer  5  cents  the  last  season  (1907),  figuring 
board,  etc. — amounts  to  $64.  If  the  40  acres  are  a  square  field  this 
allows  20  cents  a  rod  for  the  fence  the  first  year,  'With  a  cattle 
fence  already  provided  this  will  buy  the  wire  to  make  it  a  good 
bog-tight  fence.    Besides  this  there  are  two  other  great  objects  to 
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be  attained  by  this  method  of  harvesting  com:  (1)  The  improTe- 
ment  of  the  land  and  (2)  the  health  of  the  hogs.  The  fanner 
referred  to  says  that  in  his  first  year's  experience  he  snapped  20  acres 
of  com  beside  the  field  hogged  down.  The  next  spring  both  were 
sown  to  small  grain  under  the  same  conditions  and  with  the  same 
preparation.  "Die  wheat  on  the  land  where  com  was  hogged  down 
made  d  and  the  oats  7  bushels  more  to  the  acre  than  did  the  other. 
The  difference  is  just  as  noticeable  in  a  succeeding  com  crop.  The 
husks,  cobs,  stalks,  and  leaves  all  remain  on  the  land,  and  these, 
witii  the  manure  from  the  hogs,  enrich  the  soil  and  add  organic 
matter  to  it. 

The  health  of  the  hog  is  another  important  it€m.  Hogs  that  have 
plenty  of  range  and  exercise  are  not  nearly  as  susceptible  to  disease 
as  those  confined  in  a  small  pen.  A  hog  that  goes  out  after  bi£  feed 
will  be  well  grown  and  thrifty,  accustomed  to  the  elements  and  not 
liable  to  be  injured  by  a  sudden  change  of  weather.  It  is  difScuIt 
to  put  a  good  finish  on  hogs  while  running  in  a  large  pasture.  If 
they  are  allowed  to  run  on  good  pasture  until  three  weeks  or  a  month 
before  sending  to  market,  and  are  then  shut  up  and  given  all  the 
com  they  want,  with  plenty  of  pure  water,  they  will  make  very  rapid 
gains. 

This  man  allows  his  pigs  to  run  in  the  com  as  soon  as  the  land  is 
plowed  the  last  time,  but  does  not  let  the  older  hogs  into  the  field 
until  the  com  is  in  good  condition  to  feed  in  the  fall.  He  says  he 
has  also  had  good  results  from  letting  cattle  into  the  corn  first  and 
following  these  with  hogs.  He  thinks  this  is  the  most  practical 
solution  of  the  labor  problem  when  help  is  so  high-priced  and  scarce. 

As  stated  in  the  beginning,  it  is  the  aim  in  this  bulletin  to  deal 
with  some  of  the  practical  problems  that  are  confronting  the  farmers 
of  this  country.  F&cts  that  have  come  under  the  writer's  observation 
in  the  past  year  (1907)  have  been  stated  as  concisely  as  possible  and 
applied  to  the  territory  visited  and  to  similar  latitudes.  It  is  impos- 
sible, as  already  stated,  to  prescribe  for  the  wants  of  each  individual 
farmer  in  the  limits  of  a  bulletin  such  as  this.  The  facts  are  given  in 
a  general  way,  and  it  remains  for  each  hog  raiser  to  pick  and  choose 
for  himself  as  his  judgment  dictates.  *" 
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THE  CULTURE  AND  USES  OF  BROME-GRASS. 

By  R.  A.  Oaklkt,  A»*istant  Agroetologitl,  Fimige  Crop  Tnvaligatiotu. 


INTBOSncnON. 

It  is  the  purpose  of  this  bulletin  to  describe  some  of  the  more  gen- 
eral methods  used  in  the  growing  and  utilization  of  brome-grass  in 
the  sections  where  it  is  now  of  most  importance,  and  not  to  discuss 
in  complete  detail  its  culture  throughout  the  entire  United  States. 
While  the  methods  described  are  those  employed  in  North  Dakota, 
South  Dakota,  and  the  Canadian  Xorthwest,  they  are  also  applicable 
in  general  to  all  other  sections  where  this  grass  can  be  grown.  The 
treatment  given  the  subject  is  slightly  inconsistent,  since  the  methods 
actually  practiced  by  the  farmers  and  the  suggestions  and  conclu- 
sions drawn  by  the  writer  from  his  investigations  are  combined  in 
such  a  way  as  not  to  make  them  entirely  distinct.  It  is  hoped,  how- 
ever, that  the  matter  will  in  this  form  be  of  more  assistance  to  those 
contemplating  the  growing  of  the  grass  than  were  another  plan  of 
arrangement  followed. 

Brome-grass  {Bromua  inermia  Leyss.),  sometimes  called  smooth 
brome  or  Hungarian  brome,  is  a  vigorous  perennial  grass,  possessing 
aggressive  underground  rootstocks  by  which  it  propagates  readily, 
in  general,  it  grows  from  15  to  30  inches  high,  but  under  exception- 
ally favorably  conditions  it  attains  a  height  of  4  feet  or  more.  The 
seed  is  borne  in  an  open  panicle  closely  resembling  that  of  the  well- 
known  chess,  or  cheat,  bhA  is  produced  abundantly.  (See  PI.  V, 
fig.  1.)  Although  the  grass  is  inclined  to  mat  at  the  base,  the  entire 
stem  is  also  quite  leafy.     (See  PI.  V,  fig.  2.) 

Brome-grass  was  introduced  from  Europe  about  1880  and  has  at- 
tained considerable  importance  in  North  Dakota,  South  Dakota,  and 
the  Pacific  Northwest.  It  is  grown  in  this  country  to  some  extent 
throughout  the  general  region  from  Kansas  north  to  the  Canadian 
boundary  and  west  to  the  Pacific  coast,  but  its  importance  in  the 
timothy  and  clover  region  is  at  present  very  limited.  The  grass  is 
capable  of  withstanding  severe  cold  and  extended  periods  of  drought, 
but  it  is  seriously  affected  by  heat,  and  consequently  can  not  be  grown 
successfully  south  of  the  southern  boundary  of  Kansas  except  at  high 
altitudes  or  under  oUierwise  favorable  conditions.    It  does  well  on 
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a  variety  of  soils,  but  gives  best  results  on  soil  that  Is  well  supplied 
with  humus.  It  can,  however,  be  grown  very  successfully  on  sandy 
or  gravelly  land. 

In  the  Dakotas  and  the  closely  adjacent  sections  brome-grass  is 
of  more  importance  than  in  any  other  portion  of  this  country.  It 
has  been  grown  in  this  region  for  twelve  or  fifteen  years,  but  is 
as  yet  not  so  widely  distributed  as  would  be  expected.  Improved 
methods  of  growing  alfalfa,  making  that  crop  more  certain,  are  in  a 
measure  responsible  for  the  comparatively  limited  use  of  brome- 
grass.  This  is  true  more  especially  in  South  Dakota  than  in  North 
Dakota.  In  sections  where  alfalfa  can  be  grown  brome-grass  can 
not  compete  with  it  as  a  hay  crop.  In  the  more  humid  portion  of  the 
above-named  States  and  on  tlie  better  clns.ses  of  soil  it  has  tlie  reputa- 
tion of  being  difficult  to  eradicate,  and,  whether  this  is  warranted  or 
not,  this  belief  has  a  decided  tendency  to  make  the  gras-^  unpopular 
in  such  sections.  For  the  above  reasons  and  because  there  is  still  a 
considerable  quantity  of  native  hay  produced,  and  consequently  not 
such  a  pressing  demand  for  cultivated  grasses,  brome-grass  has  not 
attained  more  importance  than  is  the  case  at  present, 

METHODS   OF  CTTLTTJBE. 

PREPARATION   OF   THE   SEEIJ   HED. 

For  the  preparation  of  the  seed  bed  it  is  the  common  practice  to 
plow  the  ground  as  early  as  possible  in  the  spring,  which  in  most  sec- 
tions is  in  March  or  very  early  in  April.  It  is  then  put  into  condition 
for  seeding  by  a  thorough  harrowing,  or  by  disking,  harrowing,  and 
rolling,  A  careful  preparatory  treatment  is  considered  essential  in 
the  securing  of  a  good  stand  of  grass.  Some  successful  growers  favor 
fall  plowing,  since  this  puts  the  land  in  better  condition  for  seeding 
in  the  spring.  Brome-grass  follows  all  crops  with  practically  the 
same  results.  It  does  well  after  com,  as  well-cultivated  com  ground 
is  usually  quite  free  from  weeds,  AVheat  and  oats,  however,  are  most 
commonly  the  preceding  crops. 


The  seed  is  usually  sown  during  the  first  part  of  April  or  as  soon  as 
the  weather  is  favorable,  which  may  be  even  as  early  as  the  latter  part 
of  March.  One  bushel  (14  pounds)  to  the  acre  is  considered  by  most 
growers  to  be  a  sufficient  quantity  of  -seed  to  produce  a  satisfactory 
stand,  and  good  results  are  often  obtained  with  10  to  12  pounds.  At 
the  Manitoba  experimenlul  farm  10  pounds  of  good  seed  is  recom- 
mende<!,  and  10  to  12  pounds  at  the  Saskatchewan  exj)erimental  farm. 
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If  desired  for  pasture  alone,  it  is  considered  well  to  sow  as  much  as 
20  to  25  pounds  to  the  acre,  since  this  quantity  gives  a  stand  that  will 
make  good  grazing  sooner  after  sowing  than  a  light  seeding.  Heavy 
seeding  is  advised  for  sections  where  the  grass  is  being  introduced  or 
is  not  commonly  grown.  The  decrease  in  recent  years  in  the  quantity 
of  seed  sown  to  the  acre  is  due  to  the  fact  that  home-grown  seed  is 
used  and  better  methods  are  employed  in  cleaning  and  sowing  it. 

The  amount  of  rainfall  in  any  section  usually  determines  whether 
the  seed  is  sown  with  or  without  a  nurse  crop.  In  general,  in  the 
eastern  half  of  the  Dakotas  a  nurse  crop  is  used,  while  in  the  western 
part,  where  the  rainfall  is  less,  the  grass  is  sown  alone.  Wheat,  oats, 
barley,  and  spelt  are  used  as  nurse  crops  and  are  usually  sown  at  the 
same  rate  as  when  sown  alone.  The  grass  seed  is  sometimes  mixed 
with  the  grain,  but  it  is  a  more  common  practice  to  drill  in  the  grain, 
sow  the  grass  broadcast  afterwards,  and  cover  by  harrowing  across 
the  drills.  In  sowing  brome-grass  seed  with  grain  it  is  often  difficult 
to  prevent  it  from  being  covered  too  deeply,  which  usually  results  in 
an  uneven  stand.  Difficulty  is  also  often  experienced  in  getting  a 
mixture  of  grain  and  grass  seed  to  feed  evenly  through  the  drill. 

Even  in  the  more  humid  sections  of  the  Dakotas  there  is  some  dif- 
ference of  opinion  as  to  the  advisability  of  using  a  nurse  crop.  The 
best  argument  in  favor  of  this  practice  is  that  returns  are  obtained 
from  land  which  otherwise  would  be  practically  idle  for  one  year,  as 
the  grass  yields  nothing  the  first  season,  even  though  sown  alone. 
Seeding  alone,  however,  usually  gives  a  better  stand,  e.\cept,  perhaps, 
on  weedy  land,  in  which  case  a  nurse  crop  is  quite  effective  in  keeping 
down  the  weeds. 

In  the  less  humid  sections,  where  brome-grass  is  most  commonly 
sown  alone,  the  preparation  of  the  seed  bed  is  essentially  the  same  as 
in  cases  where  a  nurse  crop  is  used.  When  the  seed  is  sown  with  a 
drill,  it  is  a  good  practice  to  harrow  afterwards,  as  this  treatment 
leaves  the  ground  in  a  better  condition  to  conserve  moisture.  The 
only  objection  to  this  method  is  that  it  is  likely  to  cover  the  seed  too 
deeply. 

Where  fall  wheat  is  grown,  brome-grass  is  sometimes  sown  with  it. 
By  the  time  the  wheat  is  cut  the  next  summer  the  grass  has  made  a 
good  growth,  and  a  heavy  crop  of  hay  is  secured  the  year  following 
this.  Throughout  the  entire  brome-grass  region  there  is  some  fall 
seeding  done,  the  time  of  seeding  varying  from  July  to  October. 

Whether  sown  in  the  spring  or  fall,  with  or  without  a  nurse  crop, 
brome-grass  generally  does  not  make  a  very  vigorous  growth  and 
yields  practically  no  forage  or  seed  the  first  season.  When  sown 
alone  it  is  found  necessary  to  mow  the  grass  once  during  the  summer 
to  keep  down  the  weeds.  In  this  case  the  cutting  should  be  allowed 
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to  remain  on  the  ground.  Aside  from  this,  the  field  receives  no  at- 
tention and  in  most  cases  it  is  hot  pastured  in  the  fall.  When  grazed 
during  the  autumn  of  the  first  year  care  should  be  taken  to  avoid 
overpasturing. 

RENEWAL  OF   MEADOWS. 

Under  ordinary  conditions  a  meadow  of  brome-grass  will  remain 
productive  for  three  or  four  years,  depending  largely  on  the  kind  of 
soil  and  the  nature  of  the  treatment  which  it  receives.  Although  it 
has  been  grown  for  a  number  of  years  in  this  country,  there  has  been 
very  little  done  in  an  experimental  way  by  farmers  to  determine  the 
best  methods  of  renewing  old  meadows.  In  the  Canadian  Northwest 
more  attention  has  been  given  to  this  subject,  and  farmers  there  have 
obtained  very  good  results  by  their  methods. 

The  history  of  a  field  of  brome-grass  is  in  general  as  follows: 
During  the  season  in  which  it  is  seeded  very  little  is  obtained  from 
it,  except,  perhaps,  a  small  amount  of  pasturage;  the  next  year  a 
very  fair  crop  of  hay  is  secured;  the  third  year,  a  maximum  crop; 
the  fourth  year  the  yield  is  considerably  reduced;  and  following 
this  it  decreases  rapidly,  owing  to  the  meadow  becoming  what  is 
commonly  called  "  sod-bound."  As  before  stated,  the  decrease  in 
yield  after  the  third  year  depends  to  a  large  extent  on  the  kind  of  soil, 
since  on  heavy,  rich  soils  the  grass  usually  remains  productive  for  a 
longer  period.  The  character  of  the  season  also  is  thought  to  have 
an  effect  on  the  life  of  the  meadow,  and  some  farmers  are  of  the 
opinion  that  if  conditions  are  exceptionally  favorable  for  a  large  crop 
the  second  year  the  grass  has  a  tendency  to  diminish  in  yield  earlier 
than  if  an  ordinary  crop  was  produced  at  that  time. 

The  method  of  renewal  giving  best  results  in  the  Canadian 
Northwest  and  also  practiced  to  some  extent  in  the  Dakotas  is  that  of 
shallow  breaking,  the  time  of  year  depending  largely  on  the  amount 
of  rainfall.  The  experimental  farm  at  Brandon,  Manitoba,  recom- 
mends that  the  meadow  be  plowed  about  2  inches  deep  in  June  or 
early  July,  after  a  crop  of  hay  has  been  removed,  the  sod  being 
then  rolled  and  worked  down  thoroughly.  As  a  result  of  this  treat- 
ment a  good  crop  of  hay  is  secured  the  following  season.  Farther 
west,  in  Saskatchewan  and  in  the  drier  portions  of  the  Dakotas, 
breaking  the  meadow  in  the  spring,  about  May,  gives  best  results. 
This  method  is  recommended  by  the  experimental  farm  at  Indian 
Head,  Saskatchewan.  Satisfactory  results  have  l>een  obtained  in  the 
more  humid  sections  from  shallow -breaking  the  sod  in  the  spring 
and  putting  it  in  condition  for  a  light  seeding  of  grain,  oats  being 
frequently  used.  If  thought  necessary,  C  to  8  pounds  of  brome- 
grass  seed  is  added.  In  this  way  a  crop  of  grain  is  secured  the  same 
year,  and  a  good  crop  of  grass  the  next,  so  that  the  ground  is  not 
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allowed  to  lie  idle.  Returns  are  of  course  obtained  from  the  land 
if  the  breaking  is  done  in  June  or  July  after  cutting  a  crop  of  hay. 
In  the  drier  portions  spring  plowing  is  necessary,  but  since  grain  can 
not  be  sown  on  the  sod  no  returns  are  obtained  until  the  following 
year.  Good  results  are  sometimes  secured  from  breaking  the  sod  in 
the  fall  and  sowing  oats  or  some  other  small  grain  in  the  spring. 
When  this  is  done  the  grass  comes  on  for  a  full  crop  the  next  year. 
This  method,  however,  is  not  commonly  practiced. 

Disking  appears  to  give  better  results  in  the  humid  than  in  the 
drier  sections,  but  in  general  it  can  hardly  be  said  to  give  entire 
satisfaction.  Better  results  are  obtained  on  sandy  or  loose  Roil  than 
on  a  heavy  soil  where  a  tough  sod  is  formed.  Farmers  who  have 
done  very  little  toward  improving  their  meadows  are  commonly  of 
the  opinion  that  disking  is  an  effective  means  of  renewing  them,  but 
actual  experiments  indicate  that  the  value  of  this  treatment  is  con- 
siderably overrated.  Harrowing  with  a  drag  harrow  in  July  after 
the  hay  is  cut  has  proved  beneficial  in  some  instances. 

The  practice  of  applying  barnyard  manure  to  unproductive 
meadows  has  not  been  followed  to  any  great  extent,  and  under  present 
conditions  it  is  hardly  practicable.  The  results  obtained  from  such 
treatment  have  not  been  very  definite,  and  in  some  cases  they  have 
been  quite  contradictory.  That  a  liberal  application  of  barnyard 
manure,  even  when  no  other  treatment  is  given,  will  materially  in- 
crease the  yield  of  hay  from  a  so-called  "  sod-bound  "  meadow  has 
been  proved  by  reliable  and  successful  farmers.  Best  results  have 
been  obtained  by  applying  an  even  top-dressing  early  in  the  spring 
before  the  grass  begins  to  grow.  Sheep  manure  has  been  found  to  be 
very  beneficial. 

Hardly  sufficient  evidence  has  been  obtained  to  warrant  definite 
statements  regarding  the  value  of  various  fertilizers.  Prof.  J.  H. 
Shepperd,  of  the  South  Dakota  Agricultural  Experiment  Station,  in 
the  season  of  1905  obtained  some  results  that  were  very  favorable  to 
the  use  of  nitrate  of  soda.  At  the  Highmore  station,  South  Dakota, 
experiments  conducted  with  the  same  fertilizers  in  1906  gave  rather 
indiflferent  results.  The  data  available  on  the  subject  of  renewing 
meadows  by  either  barnyard  manure  or  commercial  fertilizers  are  so 
incomplete  and  the  practice  of  renewal  in  this  way  is  so  unusual 
that  it  is  not  considered  advisable  to  discuss  the  subject  further  at 
this  time. 

KIXTUBBS  OF  BBOHE-ailASS  WITH  OTHER  OBAS8ES. 

Some  attention  is  being  given  to  mixtures  of  brome-grass  with 
other  grasses,  and  very  good  results  are  being  obtained.    The  practice 
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SO  far  is  very  limited,  and  the  proportions  of  the  different  grasses  to 
use  and  the  methods  of  handling  have  not  been  well  worked  out. 

At  present  timothy  seems  to  be  the  most  common  grass  used  in 
mixtures;  alfalfa,  red  clover,  slender  wheat-grass,  meadow  fescue, 
and  orchard  grass  are  also  used.  Grasses  and  clovers  are  mixed  with 
Bromus  inermis  to  improve  the  quality  and  yield  of  forage  and,  for 
what  is  probably  of  more  importance,  to  prolong  the  period  of  pro- 
ductiveness by  keeping  the  brome-grass  from  becoming  sod-bound. 
Results  of  experiments  to  determine  this  period  have  so  far  been 
rather  indefinite.  It  is  probable  that  the  sod-bound  condition  can  be 
delayed  for  a  short  while,  but  not  for  any  great  length  of  time. 
Alfalfa  and  clover  are  of  value  also,  since  they  tend  to  maintain  the  pro- 
ductivity of  the  soil,  and  where  these  plants  are  mixed  with  brome- 
grass  they  can  be  pastured  with  little  danger  to  stock  from  bloating. 

Timothy  has  been  grown  with  brome-grass  at  the  Manitoba  experi- 
ment farm  with  very  good  results,  but  it  is  the  opinion  there  that  it  does 
not  materially  increase  the  life  of  a  meadow  and  that  the  brome-grass 
eventually  crowds  it  out.  This  mixture  is  quite  commonly  grown 
throughout  Manitoba.  Mixtures  have  been  tried  on  the  experiment 
farm  at  Indian  Head,  Saskatchewan,  and  one  composed'  of  7  pounds 
of  Bromvs  inermw  and  7  pounds  of  slender  wheat-grass  {Agropyron 
tenerum)  has  given  good  results.  A  meadow  of  this  mixture  after 
having  been  down  for  six  years  without  renewing  still  remained  pro- 
ductive, yielding  two  tons  of  hay  to  the  acre.  In  the  Dakotas  ex[)eri- 
ments  are  being,  conducted  with  alfalfa  and  brome-gras.s,  and  there 
is  a  probability  of  the  combination  coming  into  general  use  where 
alfalfa  can  be  successfully  grown.  Mixtures  with  orchard  grass  and 
meadow  fescue  have  given  indications  of  being  worthy  of  attention. 
In  all  permanent  mixtures  the  quantity  of  brome-grass  seed  u<ed 
should  be  smaller  than  the  sum  of  the  other  constituents,  as  brome- 
grass  has  a  tendenQ*  to  crowd  out  the  other  g 

VSEB  AKD  VALTTE. 


Although  grown  as  a  general-purpose  grass,  Bromus  inermia  is 
much  better  adapted  for  use  as  pasture  than  for  hay,  on  account  of 
its  tendency  to  form  a  turf.  It  furnishes  a  large  quantity  of  pala- 
table pasturage,  and  is  especially  valuable  because  it  can  be  grazed 
early  in  the  spring  and  late  in  the  fall,  and  unless  th"e  season  is  unfavor- 
able it  furnishes  a  considerable  amount  of  feed  during  the  summer. 
■Where  it  is  now  being  grown  there  are  no  grasses  that  can  equal  it 
for  pasture  on  sandy  land,  as  it  not  only  produces  well  on  such  soil, 
but  forms  a  sod  that  withstands  trampling  and  is  not  ea^Iy  pulled  up 
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l^  stock.  This  is  an  important  feature,  especially  where  sheep  are 
grazed.  Even  after  the  grass  has  become  sod-bound  and  produces 
pnly  light  yields  of  hay  it  can  still  be  pastured  profitably  for  two  or 
three  years.  While  it  is  impossible  at  the  present  time  to  secure 
definite  data  in  regard  to  the  carrying  capacity  of  Bromus  inermis 
pastures,  it  can  be  conservatively  stated  that  both  in  favorable  and 
unfavorable  seasons  they  furnish  more  grazing  in  the  western  part 
of  the  Dakotas  than  the  native  grasses  and  more  in  the  eastern  part 
than  Kentucky  bluegrass. 


Brome-grass  is  not  an  ideal  hay  grass,  although  for  two  or  three 
years  after  sowing  it  gives  a  satisfactory  yield  of  a  very  good  quality 
of  hay.  On  rich  land  the  yield  ia  better  than  the  average  for  stand- 
ard grasses,  and  the  quality  is  good.  (See  PI.  VI,  fig.  1.)  It  ia 
generally  agreed  that  the  best  stage  at  which  to  cut  brome-^rass  for 
hay  is  just  after  it  has  passed  full  bloom  and  is  in  the  condition 
known  as  the  "purple."  The  practice  is,  however,  quite  elastic  in 
this  respect,  as  the  grass  makes  hay  of  good  quality  when  cut  either 
before  or  after  'his  stage.  No  definite  feeding  experiments  have  as 
yet  been  conducted  to  determine  the  value  of  brome-grass  hay  in 
comparison  with  other  standard  hays  or  fodder,  but  general  experi- 
ence indicates  that  it  is  almost,  if  not  quite,  equal  to  timothy  for 
cattle  (especially  dairy  cows),  for  horses  not  at  work,  and  for  sheep. 
When  properly  cured  it  is  very  palatable  and  is  relished  by  all 
classes  of  stock,  but  on  account  of  its  laxative  properties  it  can  not 
be  recommended  as  a  feed  for  livery  horses  or  horses  at  hard  work. 

Different  writers  in  discussing  brome-graKs  disagree  in  regard  to 
its  nutritive  value  as  compared  with  a  standard  grass  such  as  timothy. 
Chemical  analyses  disagree  also,  and  it  is  difficult  to  compare  these 
grasses,  since  the  samples  have  been  taken  at  different  stages  of 
maturity  and  also  under  otherwise  different  conditions.  The  average 
of  analyses  given  in  Bulletin  56  of  the  Iowa  Agricultural  Experi- 
ment Station  shows  water-free  samples  of  Bromus  inermia  to  con- 
tain 3.48  per  cent  of  fat  and  14.14  per  cent  of  protein,  and  samples 
of  timothy  under  the  same  conditions*to  contain  4.83  per  cent  of  fat 
and  12.27  per  cent  of  protein.  Theso  analyses  indicate  that  the 
grasses  are  near  enough  alike  to  be  of  equal  feeding  value.  The 
verdict  of  the  feeder,  however,  is  in  most  cases  to  be  taken  in  prefer- 
ence to  that  of  the  chemist,  and  it  is  doubtful  whether  brome-grass 
will  ever  be  considered  quite  equal  to  timothy  as  feed  for  stock. 

Brome-grass  is  usually  ready  to  cut  for  hay  from  the  last  of  June 
until  the  20th  of  July,  depending  on  the  locality".  When  conditions 
are  favorable,  it  is  possible  to  secure  two  cuttings,  the  first  about 
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the  last  of  June  or  early  in  July,  and  the  second  in  September.  The 
securing  of  two  crops  depends  almost  entirely  on  the  amount  of 
moisture  and  very  little  on  the  latitude,  pince  in  eastern  Manitoba  two 
are  frequently  obtained.  Except  under  irrigation,  only  one  cutting  can 
usually  be  secured  in  the  western  part  of  the  Dakotas  or  at  the  same 
longitude  in  Canada.  The  first  cutting  yields  more  and  is  of  much  the 
better  quality.  The  second  cutting,  although  nearly  as  tall  as  the 
first  when  cut,  consists  mostly  of  leaves  and  makes  very  light  hay. 

The  hay  does  not  cure  as  easily  as  timothy  and  darkens  rapidly  if 
allowed  to  get  wet.  Although  this  makes  it  unsalable,  its  feeding 
value  is  not  seriously  impaired.  Even  when  properly  cured,  how- 
ever, the  hay  is  of  darker  color  than  timothy. 

Stacking  is  done  with  the  ordinary  hay-making  machinery,  and 
when  put  up  with  reasonable  care  the  stacks  shed  water  well  and  will 
keep  for  two  years  in  excellent  condition,  with  hut  a  small  quantity  of 
damaged  hay  on  the  outside.     (See  Fl.  VI,  fig.  2.) 

As  previously  stated,  in  the  third  season  of  growth  the  maximum 
yield  is  usually  secured.  After  two  crops  are  obtained  the  yield 
rapidly  diminishes.  The  average  yield  for  the  time  the  meadow  is 
profitable,  which  is  three  or  four  years,  may  be  conservatively  esti- 
mated at  IJ  tons  per  acre.  This  is  the  estimated  average  yield  for 
the  entire  region.  On  good  soil  and  under  favorable  conditions  yields 
as  high  as  3  to  4  tons  are  not  uncommon,  especially  when  two  cut- 
tings a  year  can  be  secured. 

Brome-grass  hay  is  very  little  known  on  the  city  market  and  the 
demand  for  it  is  entirely  local.  It  commands  a  good  price  in  sec- 
tions where  it  is  grown,  and  ordinarily  sells  for  $2  to  $8  a  ton  more 
than  native  wild  hay  and  for  about  the  same  price  as  timothy. 


There  is  a  considerable  quantity  of  brome-grass  seed  produced 
throughout  the  entire  region  under  discussion,  although  it-  is  grown 
to  the  largest  extent  in  the  eastern  part  of  the  Dakotas,  in  Manitoba, 
and  in  eastern  Saskatchewan.  The  growing  of  seed  in  large  quanti- 
ties seems  to  have  been  more  of  an  industry  a  few  years  ago  than  it  is 
at  the  present  time.  It  should  not  be  inferred  from  this  that  the 
total  quantity  produced  is  not  as  great  as  heretofore,  but  that  farm- 
ers are  growing  it  less  for  wholesale  market  and  more  for  local  use, 
making  its  production  more  generally  distributed.  AATiether  there  is 
actually  less  produced  it  is  difficult  to  state;  there  is  certainly  less 
imported  than  formerly.  There  are  many  farmers  who  have  in  the 
past  grown  100  acres,  and  even  much  more,  for  seed  who  at  the  pres- 
ent time  are  raising  little  more  than  enough  for  their  own  use. 
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Fio.  1,— A  Field  of  Brome-Qrass  in  North  Dakota. 


Fio.  2.— Stacking  Bro me- Grass  in  North  Dakota. 
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HAKVUTINQ  THK  SBED. 

The  seed  is  mature  and  ready  to  jcut  from  July  10  to  Au^st  1,  and 
the  stage  of  maturity  is  commonly  termed  the  "  brown  "  to  distin- 
guish it  from  the  "  purple,"  or  the  stage  when  the  grass  is  cut  for  hay. 
Harvesting  the  seed  is  a  comparatively  easy  matter  and  differs  very 
little  from  the  harvesting  of  ordinary  cereals.  The  binder  and  the 
header  are  both  used,  but  the  former  is  the  most  generally  employed. 
When  the  binder  is  used  the  grass  is  usually  cut  as  high  as  possible 
and  the  bundles  put  in  long  shocks  to  facilitate  curing.  They  are 
allowed  to  remain  in  shocks  until  thrashed.  When  the  grass  can  be 
cut  sufficiently  high  a  crop  of  hay  is  obtained  from  the  stubble  as  soon 
as  possible  after  the  seed  is  removed.  This  hay  is  of  very  fair  quality, 
as  it  contains  a  large  quantity  of  green  leaves. 

While  the  binder  is  most  commonly  used  in  harvesting,  heading 
appears  to  be  the  best  method.  When  it  is  used,  almost  all  of  the 
^Bss  is  left  for  hay,  which  makes  quite  an  additional  yield  from  the 
meadow.  After  heading,  the  seed  is  put  up  in  well-built  shocks  for 
curing,  and  is  usually  left  there  from  ten  days  to  two  weeks  or  even 
longer.  If  conditions  are  exceptionally  favorable,  it  is  possible  to 
thrash  directly  from  the  header  box.  This  is  not  frequently  done, 
since  the  thrashing  machines  are  not  usually  ready  at  that  time  of 
the  year.  The'stubble  is  cut  for  hay  as  soon  as  possible  after  head- 
ing, and  yields  on  an  average  about  a  ton  to  the  acre. 

Occasionally  the  grass  is  cut  with  a  mowing  machine  and  put  in 
ordinary  stacks  for  thrashing.  This  method  is  not  considered 
desirable  on  account  of  the  waste  and  difficulty  in  handling. 

THRASHIKa. 

Brome-grasR  is  thrashed  with  the  ordinary  machine  having  special 
riddles  and  with  the  wind  shut  off  from  the  fan  to  prevent  the  seed 
from  blowing  over.  Difficulty  is  often  met  with  in  getting  the 
cleaned  seed  to  elevate  properly  in  the  machine,  and  in  many  cases 
the  elevator  is  removed  and  the  seed  delivered  from  the  spout  at  the 
bottom  of  the  separator.  The  seed  is  likely  to  contain  a  great 
amount  of  chaff  and  broken  pieces  of  straw  after  thrashing.  This 
trash  is  sometimes  quite  difficult  to  separate  from  the  seed,  and  it  is 
necessary  to  run  it  through  a  fanning  mill.  By  withdrawing  the 
bundles  from  the  cylinder  after  the  heads  have  been  thrashed,  the 
seed  is  kept  comparatively  free  from  straw  and  chaff.  This  method 
involves  much  work  and  is  hardly  practicable  where  a  large  quantity 
is  to  be  thrashed. 
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The  yield  of  seed  is  so  variable,  depending  on  the  climate,  soil,  lay 
of  the  meadow,  and  other  factors,  that  it  is  difficult  to  estimate  the 
average  quantity  produced  to  the  acre.  From  250  to  350  pounds  is, 
however,  a  conservative  estimate.  Records  of  the  Saskatchewan 
experimental  farm  show  the  yield  of  brome-grass  seed  there  to  range 
from  250  to  600  pounds.  Experiments  conducted  at  the  Manitoba  ex- 
perimental farm  indicate  that  the  harvesting  of  a  mature  crop  of  seed 
materially  lessens  the  yield  of  either  hay  or  seed  the  following  year. 

On  account  of  the  close  sod  formed  by  the  grass  after  the  first  year 
there  are  very  few  weeds  present  in  the  fields,  and  consequently  the 
seed  when  harvested  is  practically  free  from  impurities  and  in  very  few 
cases  are  there  seeds  of  any  other  grasses  in  it.  There  is  occasionally 
a  very  small  amount  of  seed  of  the  grain  used  as  a  nurse  crop  and  a 
trace  of  cheat  (Bromus  secalinua)  and  slender  wheat-grass  {Agro- 
pyran  t^ieruin).  The  seeds  of  Bromus  tnermis  are  very  similar  to 
those  of  the  above  species,  the  seeds  of  chess,  especially,  often  being 
mistaken  for  brome-grass  seeds.    (See  PI.  VII.) 


When  cut  with  a  binder,  the  straw  after  thrashing  is  generally 
stacked  and  used  for  feed.  The  quality  varies  largely  with  the 
height  at  which  the  grass  is  cut,  the  length  of  time  it  stands  in  the 
shock,  and  the  care  with  which  it  is  stacked  after  thrashing.  If  all 
these  conditions  are  favorable,  brome-grass  straw  is  about  equal  to 
oat  straw.  At  any  rate,  it  makes  very  fair  feed  for  wintering  cattle, 
horses,  and  sheep. 

USE  Iir  BOTATION. 

One  of  the  objections  which  farmers  have  to  brome-grass  is  that 
it  is  comparatively  short  lived  and  will  not  remain  productive  for 
hay  in  a  meadow  more  than  three  or  four  years.  This  objection  is 
not  serious  from  the  standpoint  of  crop  rotation,  but,  on  the  other 
hand,  is  slightly  advantageous,  since  there  is  a  general  tendency  to 
grow  one  crop  on  a  field  for  too  long  a  period.  Bromux  inermix, 
however,  is  not  looked  upon  by  farmers  as  a  valuable  constituent  in 
H  crop  rotation.  This  is  due  to  the  fact  that  it  is  considered  difficult 
to  eradicate,  and  when  ordinary  methods  are  employed  it  takes  about 
two  years  to  get  it  out  of  the  field.  Farmers  desire  something  that 
can  be  disposed  of  easily  in  one  year  or  with  one  plowing,  and  con- 
sequently are  favoring  slender  wheat-grass  (Affropyron  tenerum), 
which  is  now  coming  into  popularity  on  this  account. 
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FBEFABATION  OP   BBOXE-OK&SS   HKAI>OWS   FOB  OTHBB  CBOPS. 

The  breaking  up  of  a  brome-grass  meadow  and  the  preparation  for 
other  crops  is  a  very  important  matter.  It  has  been  found  at  the 
Manitoba  experimental  farm  that  plowing  the  sod  after  a  crop  of  hay 
has  be«n  cut  and  the  aftermath  has  made  a  growth  of  3  or  4  inches 
gives  very  satisfactory  results.  The  plowing  may  be  done  the  latter 
part  of  June  or  the  first  of  July  and  thef  sod  back-set  either  in  the 
fall  or  early  in  the  spring  and  put  in  condition  for  wheat  or  other 
grains  by  disking  and  harrowing.  If  the  aftermath  is  allowed  to 
grow  to  the  extent  above  indicated,  it  assists  very  materially  in  rotting 
the  sod  and  also  supplies  additional  humus.  When  the  breaking  is 
done  immediately  after  a  crop  of  hay  or  seed  is  harvested,  the  sod  does 
not  rot  well,  especially  if  the  season  is  dry,  and  consequently  the 
ground  is  in  poor  condition  for  a  crop  the  following  spring. 

A  method  which  has  been  found  to  be  practicable,  at  least  in  the 
eastern  portion  of  the  Dakotas,  is  to  break  early  in  the  spring  after 
the  grass  gets  a  good  start,  then  disk  and  roll  thoroughly,  and  in  June 
sow  to  flax  at  the  rate  of  about  half  a  bushel  to  the  acre.  In  this  case, 
unless  the  flax  makes  a  good  stand  there  will  be  some  danger  of  the 
brome-grass  making  a  sufficient  growth  to  become  troublesome. 
Where  flax  is  a  successful  crop,  it  can  follow  brome-grass  to  good  ad- 
vantage. No  matter  what  method  is  practiced,  the  grass  is  likely  to 
give  trouble  the  first  season  on  account  of  its  persistence,  but  if  prop- 
erly handled  will  not  be  a  serious  menace.  It  is  necessary  in  the  drier 
sections  to  break  the  sod  when  the  moisture  conditions  are  favorable, 
whether  in  fall  or  spring,  as  it  is  very  difficult  to  break  and  does  not 
rot  readily.  On  account  of  the  latter  fact  the  sod  requires  consider-  . 
able  working  in  the  sections  of  low  rainfall. 


The  aggressive  nature  of  brome-grass  fits  it  for  certain  uses  and 
situations  for  which  the  common  standard  grasses  are  not  adapted. 
It  is  very  valuable  for  putting  heavj'  new  land  in  condition  for  other 
crops.  The  rich  heavy  soil  of  river  bottoms,  which  are  frequently 
covered  with  a  dense  growth  of  weeds  and  brush,  may  be  put  in  good 
condition  by  seeding  heavily  after  clearing  and  plowing.  At  the  end 
of  two  years  the  grass  comes  on  to  the  exclusion  of  the  weeds  and 
makes  an  excellent  hay  meadow. 

There  are  certain  classes  of  soil  that  after  having  been  plowed  for 
five  or  six  years  become  very  loose  and  blow  badiy  and  are  in  poor 
mechanical  condition  for  ordinary  crops.  When  Bromus  inermia  is 
grown  on  such  land  for  a  few  years  it  adds  a  sufScient  amount  of 
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humus  to  the  soil  to  return  it  to  good  coodition.     The  grass  is  also 
very  valuable  for  preventing  sandy  land  from  blowing. 

Brome-grasa  is  an  excellent  crop  for  combating  such  weeds  as  fox- 
tail, or  squirrel-tail  {Hordeum  jubatum),  and  on  moist  land,  where 
the  latter  flourishes,  the  former  excludes  it  very  effectually. 

IKE  AeBICtn,TirBAL  EXTENSION  07  BBOICE-OBASS. 

Little  has  been  done  in  the  matter  of  extending  the  growing  of 
Bromus  inermia  farther  east  at  the  same  latitude  as  its  present  region. 
Experiments  that  have  been  conducted  with  it  in  various  sections  east 
of  Minnesota  and  north  of  Kansas  indicate  that  it  is  worthy  of  exten- 
sion. It  will  doubtless  prove  valuable  on  sandy  soil  in  Wisconsin, 
New  York,  and  New  Englaijd,  but  will  probably  be  of  use  mostly  as 
a  pasture  grass  and  in  mixtures  with  other  grasses.  In  parts  of  Ohio, 
West  Virginia,  Pennsylvania,  Maryland,  and  Virginia  where  tested 
it  has  shown  considerable  promise.  South  of  these  States  it  is  of 
questionable  value, 

Brome-grass  should  be  given  a  thorough  test  as  a  sand-binding 
grass  along  the  Lakes  and  near  the  seacoast,  as  its  extensive  root 
system  and  its  ability  to  thrive  on  sandy  land  make  it  well  adapted 
to  such  situations.  Some  very  striking  results  have  been  obtained 
with  it  on  sandy  soil  on  the  upper  peninsula  of  Michigan.  Under 
similar  conditions  in  Wisconsin  its  value,  especially  as  a  pasture 
grass,  has  been  quite  thoroughly  demonstrated.  In  these  States  it  is 
said  to  be  at  least  ten  days  earlier  for  pasture  in  the  spring  than  the 
ordinary  standard  grasses. 

\\'liile  the  thorough  testing  of  brome-grass  by  farmers  in  the  States 
mentioned  is  strongly  urged,  its  use  on  a  large  scale  is  not  considered 
advisable  until  its  value  as  compared  with  the  standard  grasses  com- 
monly grown  in  these  States  has  been  more  definitely  demonstrated. 


Brome-grass  {Bromus  inermts)  is  at  present  of  most  importance 
in  the  Dakotas  and  sections  adjoining  these  States,  but  is  grown  to 
some  extent  throughout  the  general  region  from  Kansas  north  to  the 
Canadian  boundary  and  west  to  the  Pacific  coast.  Its  importance 
in  the  timothy  region  is  as  yet  very  limited. 

It  is  the  common  practice  to  sow  the  seed  in  the  spring  about  the 
1st  of  April,  or  as  soon  as  the  weather  is  favorable.  One  bushel  of 
14  potmds  is  consfdered  a  sufficient  quantity  to  produce  a  satisfactory 
stand,  and  good  results  are  obtained  with  10  to  12  pounds.  Heavier 
seeding  is  recommended  in  sections  where  the  grass  is  being  tested  or 
where  it  is  intended  for  pasture  alone. 
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Under  ordinary  conditions  a  brome-grass  meadow  remains  produc- 
tive from  three  to  four  years,  after  which  it  becomes  what  is  com- 
monly called  "  sod-bound,"  The  meadow  can  be  successfully  renewed 
by  breaking  the  sod  lightly,  the  time  of  breaking  depending  largely 
on  the  annual  rainfall. 

Mixtures  of  brome-grass  with  other  grasses  and  clovers  have 
proved  very  satisfactory  as  far  as  they  have  been  tried.  Timothy, 
slender  wheat-grass,  orchard  grass,  meadow  fescue,  alfalfa,  and  red 
clover  are  used  in  these  mixtures. 

Brome-gra-ss  is  a  valuable  general-purpose  grass,  but  is  much  better 
adapted  for  use  as  pasture  than  for  hay,  as  it  furnishes  a  large  amount 
of  grazing,  especially  in  the  spring  and  late  in  the  autumn.  The  yield 
of  hay  which  it  produces  is  good  and  the  quality  very  satisfactory. 

The  seed  habit  of  brome-grass  is  good,  which  makes  it  compara- 
tively easy  to  harvest  and  thrash.  Average  yields  of  about  300 
pounds  to  the  acre  are  obtained. 

In  crop  rotation  brome-grass  has  not  as  yet  become  well  established, 
and  by  some  it  is  looked  upon  rather  unfavorably  on  account  of  being 
somewhat  difficult  to  get  out  of  the  land.  Good  crops,  however,  are 
raised  after  it,  and  it  adds  a  considerable  amount  of  humus  to  the  soil. 

It  is  often  difficult  to  prepare  brome-grass  sod  for  succeeding  crops, 
as  it  does  not  rot  readily,  and  for  this  reason  it  is  necessary  to  backset 
after  breaking.    The  time  of  breaking  depends  on  the  rainfall. 
21521— BqI.  111-07 6 
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THE  LARKSPURS  AS  POISONOUS  PLANTS.' 


iNTSosncnoN. 

Throughout  the  United  States  many  species  of  larkspur  (Delphin- 
ium) occur.  Some  of  these  form  an  important  feature  of  the  western 
landscapej ''  others,  such  as  Delphinium  ajacis,  on  account  of  their 
beauty  have  been  cultivated  in  gardens,  from  whence  they  have 
escaped  and  become  a  pest  to  the  farmer.' 

The  genus  Delphinium  is  in  a  very  confused  condition  botanically 
and  needs  revision."  However,  the  botanical  characteristics  of  the 
genus  are  clearly  marked  and  constitute  sufficient  reason  for  consider- 
ing any  plant  bearing  them  as  deserving  of  suspicion.  Delphinium 
trolliifoUum  Gray,  i-epresented  in  tlie  accompanying  illustration 
(Plate  I),  shows  these  characteristics.  In  Canada  '  and  in  our  West- 
ern States,  especially  in  Colorado  and  Montana,  various  species  of 
Delphinium  have  been  accused  of  stock  poisoning,  although  feeding 
experiments  with  these  plants  have  varied  in  their  results,  and  opinion 
in  the  West  has  been  by  no  means  uniform  as  to  their  poisonous  prop- 
erties. According  to  Wilcox,'  in  Montana  000  sheep  were  poisoned  by 
Delphinium  memieeii  on  one  ranch,  of  which  250  died.     In  India  the 

'  or  tbe  mauy  kinds  of  plants  of  the  western  ranges  polsonoiifl  to  stock,  vnrl- 
ouB  species  of  larksimr  are  among  tlie  most  destructive;.  eH|>ec'lully  In  tbe  nionn- 
talnous  regions  of  Colorado,  Wyoming,  nud  Montann. 

About  two  yenrs  ago  n  stnUy  of  tlie  [xiisonouH  |)ro[)ertieH  of  one  of  tlie  moat 
i-ommon  sp«?le8  wtm  uuilertnken  (■(joiwrutlvely  by  the  Colorado  Agrlculturnl 
Experiment  Station  and  tbe  OlDce  of  rolHououH-l'lant  Investigations,  tlie  field 
collections  and  field  testa  being  curried  on  by  Dr.  George  II.  Glover,  veterinarian 
of  tlie  station,  and  tbe  technical  laboratory  studies  by  Dr.  A.  C.  Crawford. 
Pharmacologist  of  tbe  Bureau  of  Plant  Industry.  The  principal  results  of 
Doctor  t'rawford'8  ivork  are  here  summarize^l. 

It  Is  shown  that  this  larkspur  is  most  virulent  In  its  early  stagen  and  becomes 
much  less  active  toward  flon-erlng  time.  The  Importance  of  tbe  functloon  of 
elimination  In  bringing  about  recovery  is  also  elenrlj  tndicnted,  and  the  slgnlD- 
ranee  of  this  fact  In  barraonlzlng  the  viirylnu  results  of  different  Investigations 
is  pointed  out.— -Rodney  II.  True,  Phyaiolosiht  in  Charge  of  Polsonoua-PJant 
Inveatigallong. 

»  Meeban,  T.     Delpblnhuu  Blcolor.     Meeluin's  Monthly,  vol.  y2.  p.  1.     1902. 

"  Kept.  Comr  Agr  for  1865  p.  510. 

<■  Uuth,  R.  Monograpble  d  Gattung  Dplphlniwn.  Bot.  Jabrh.,  vol.  2(i,  p.  ;i22. 
18SJ5. 

f  Noxious  Weeds  and  IIo«  to  Destroy  Them.  (Jovei-nment  of  Northwest  Ter- 
ritory. Dept.  Agr  Bui   2  |.  27      I900. 

/  Cliesnut,  1  K  I'rellmlnary  Catiil<^ue  of  I'laiits  Pols<rtious  to  Stock.  Ann. 
Kept  Bur.  Anlmnl  lod..  1808,  p.  400. 
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dew  from  D.  brunoniantim  is  said  to  poison  stock,  and  D.  ve/ttitvm  is 
claimed  to  be  poisonous  to  goats."  Similar  reports  come  f  romFrance.'' 
Chesniit  and  Wilcox,  in  particular,  have  brought  this  subject  to 
public  attention,  Wilcox's  field  notes  and  post-mortem  records  being 
especially  suggestive/ 

The  main  symptoms  seen  in  the  poisoning  of  sheep  by  Delphinium 
memiesii  were  a  stiffness  of  the  limbs,  with  awkward  gait;  associated 
with  this  were  involuntary  muscular  twitchings  and  loss  of  muscular 
coordination.  Convulsions  with  marked  rapidity  in  the  pulse  rate 
occurred.  The  respiration  became  shallow,  but  finally  rapid.  Wilcox 
fed  the  chloroform  and  benzol  extracts  of  the  dried  plant  to  sheep, 
causing  typical  symptoms.  He  also  called  attention  to  larkspur  poi- 
soning in  cattle.^  This  work  was  continued  by  Chesnut  and  Wilcox." 
They  fed  and  injected  extracts  of  tall  larkspur  {Delphinium  glau- 
cwni)and  of  purple  larkspur  {D.  hicolor) ;  but  although  these  ex- 
tracts produced  some  symptoms  in  rabbits  and  in  sheep  they  failed  to 
kill. 

Nelson  pastured  a  sheep  during  May  in  an  area  in  which  Delphin- 
ium Tnemiemi  was  growing.  This  sheep  ate  all  the  Delphinium  she 
could  obtain  herself,  and  in  addition  was  fed  1,133.92  grams  moref 
but  showed  no  symptoms.  A  second  sheep  was  fed  1,111.3  grams 
of  the  fresh  plant  in  five  days,  but  showed  no  symptoms.  During 
the  experiment  this  animal  was  deprived  of  all  feed  save  the 
Delphinium.'  Irish  "  experimented  by  feeding  the  plants  growing  in 
May  to  steers,  feeding  the  tops  of  24  plants  of  D.  trolliifolium  to  one 
iind  th4  roots  to  another  without  results.  He  also  fed  30  plants  of 
white  larkspur  without  results.  He  fails  to  state,  however,  how  long 
his  feeding  continued.  Glover's  experiments  *  with  rabbits  were 
rather  misleading,  some  dying,  but  most  survived.  Gerlach  *  fed 
D.  consolida  to  sheep  without  results. 

a  WHtts,  G.     nictlooory  of  Eixinomlc  Prodncta  of  Indfn.  vol.  .1,  jtp.  W,  70.     1S90. 

ADelaford,  P.  Trnlt6  sur  La  mnladie  de  sang  des  Wtw  a  laliie,  Paris,  18*3, 
II.  17a 

'  Wilcox.  K.  V.  T^^ricRiiur  PoiHoiilug  of  Sliee|).  Montniin  Agr.  Kxpt.  Rtn.  Bui. 
l.t.    ]S»7. 

'  Wilcox,  E.  V.  PolsououH  Plants  of  Moiitnna.  Moiitfina  Art.  Expt.  Sta.  Bui. 
22,  p.  ■*.■».     1809. 

pCbesuut,  V.  K.,  and  Wilcox,  E.  V.  Stoik-Polsoiilim  Pliuits  nt  Montaoa. 
IJ.  S.  Dept.  Agr-,  I>lv.  Botany.  Bui.  2G.  p.  tB.     11)01. 

/  N'elKon,  S.  B.  Feeding  Wild  Plauts  to  SIiee|i.  I'tw.  Sw.  Ann.  .Meetitu: 
AsBO<>,  Espt.  Sta.  Veterlnariaus.  180a  IT.  S.  Dept.  Aftr,  Bur.  Aitlnial  Ind., 
Hill.  22.  p.  11. 

eIrlBh,  P.  II.  PlMuts  Poisonous  to  Stock.  OrpRon  Kx(rt.  Shi.  Bnl.  ,1.  p.  as. 
1880. 

*  Glover,  <1.  EI.  LnrkHpur  and  OHier  Polnoiions  Plants.  Colomdo  Xer.  Expt. 
Sta.  Bnl.  113,  p.  17.     llKXi. 

<  Dammnnn,  C.    (Jesniidlieltspiiei^e,  188(>,  p.  fUl. 
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LABORATORY    EXPERIMENTS.  7 

lABOBATOBT  EZFEBIlCEinS  WITH  DEUEINXinC  CAHFOBim. 

Specimens  of  Delphinium  eampoi-vm  were  sent  from  Fort  Collins, 
Colo.,  for  testing  in  the  laboratory  of  Poisonous- Plant  Investigations. 
Five  grams  of  the  dried  and  powdered  plant  were  accurately  weighed 
and  then  extracted  over  night  with  20  c.  c,  of  water  and  10  c,  c.  of 
95  per  cent  alcohol.  The  alcohol  was  added  mainly  as  a  preservative. 
The  following  day  the  extraction  and  squeezing  were  continued  until 
the  fluid  hecanie  colorless.  The  fluid  was  evaporated  i>n  the  next 
day  in  vacuo  at  about  40°  C,  and  the  residue  was  dis.soived  in  water 
and  made  up  to  30  c.  c. — perfectly  arbitrary  figures.  Of  this  aque- 
ous solution  1  c.  c.  injected  subcutaneously  into  a  guinea  pig  weir- 
ing 730  grams  caused  no  disturbance,  and  3  c.  c.  were  also  without 
effect,  whereas  6  c.  c.  killed  the  same  guinea  pig  in  59  minutes.  A 
solution  of  4  c.  c.  injected  into  a  guinea  pig  weighing  352  grams 
caused  no  symptoms,  while  6  c.  c.  injected  into  another  guinea  pig 
weighing  285  grams  killed  in  33  minutes.  I.ater,  5  c.  c.  killed  a 
guinea  pig  weighing  196  grams  in  55  minutes,  while  4  c.  c,  injected 
into  a  guinea  pig  weighing  299  grams  gave  no  symptoms.  Evi- 
dently the  lethal  dose  of  this  solution  lies  between  4  and  5  c.  c.  The 
solution  used  in  the  above  experiments  was  made  from  plants  col- 
lected on  April  2«,  1905,  j 

On  May  Ifi  another  lot  of  material  was  collected,  and  a  solution 
corresponding  to  4  c.  c.  of  the  first  batch  was  injected  into  a  guinea 
pig  weighing  455  grams  without  producing  any  symptoms.  However, 
5.3  c.  c.  of  this  solution  killed  a  guinea  pig  weighing  3.50  grams,  but 
a  much  longer  period  elapsed  before  death  occurred  than  with  the 
extract  of  the  first  material. 

In  June  another  lot  of  material  was  collected,  and  a  solution  of 
this  corresponding  to  4  c,  c.  caused  no  symptoms  in  a  guinea  pig 
weighing  376  grams;  5,3  c.  c.  caused  no  symptoms  in  a  guinea  pig 
weighing  500  grams,  and  fi.6  c,  c,  was  inactive  in  a  guinea  pig  weigh- 
ing 480  grams.  Of  the  drie<l  material  10  grams  were  then  extracted, 
and  killed  a  guinea  pig  weighing  320  grams  only  after  about  10 
hours.  -V  control  amount  of  plain  distilled  wafer  failed  to  kill. 
The  lethal  dose  is  evidently  much  higher  than  in  the  second  stage. 

There  is  no  question  as  to  the  fact  that  Delphininm  when  injected 
subcutaneously  will  kill,  and  these  experiments  also  establish  the  fact 
that  the  plant  loses  much  of  its  toxicity  as  it  approaches  the  flowering 
stage.  It  has  been  noted  that  Delphininm  '-ontolif/a  is  also  less  active 
when  mature.' 

Just  after  flowering,  the  purple  larkspur  turns  yellow  and  ceases  to 

'  DniuDiniin,  C    UeHUiiillieitspflegp,  IHSii,  ji.  1072, 
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be  attractive,  so  tliat  there  is  less  danger  of  poisoning,"  although 
Chesnut  and  Wilcox  rejHirt  a  death  in  cattle  from  eating  Delphinium, 
glauetimm  September.''  The  great  danger  early  in  the  season  seems 
to  arise  from  the  fact  that  the  Delphinium  appears  early  in  the 
spring,  and  the  ground  may  again  be  covered  with  snow,  so  that  it  is 
the  only  green  plant  in  sight,  and  therefore  when  in  an  especially 
poisonous  stage  it  is  eaten  by  cattle. 

A  rabbit  weighing  2,409.6G  grams  was  fed  January  28,  1907,  with 
a  concentrated  aqueous  extract  corresponding  to  16.60  grams  of  the 
dried  plant  in  the  second  stage.  No  symptoms  resulted.  On  Janu- 
ary 30  the  animal  weighed  2.377.15  grams. 

On  January  28, 1007,  a  second  rabbit,  weighing  1,658.35  grams,  was 
fed  witli  a  similar  extract  of  33.33  grams,  but  no  symptoms  resulted. 
Two  days  later  the  animal  still  weighed  1,658.35  grams. 

On  February  1, 1907,  tlie  first  rabbit  was  fed  an  aqueous  extract  of 
80  grams,  and  it  died  in  53  minutes  with  convulsions.  Pi-evious  to 
death,  paralysis  of  the  voluntary  muscles  was  well  marked.  The 
stomach  of  this  animal  was  markedly  reddened. 

A  rabbit  weighing  1,084.41  grams  on  February  6,  1007,  was  starved 
24  hours  and  then  fed  an  extract  of  50  grams  of  the  -same  plant  at 
9.45  a.  m.  At  11.50  a.  m.  the  animal  was  dull  and  was  lying  with 
its  cliin  resting  on  tiie  Boor ;  at  12.25,  legs  paralyzed ;  3.04,  the  animal 
urinated,  cliin  still  resting  on  the  floor;  3,57,  the  animal  could  push 
itself  around  with  hind  legs.  The  following  day  the  rabbit  appeared 
normal.  On  February  11  it  weighed  1,809,39  grams;  February  12, 
1,956.07  grams;  February  13,  2,012,75  grams;  March  11,  1,984.41 
grams. 

On  February  13,  1007,  a  well-fed  rabbit,  weighing  2,097.77  grams, 
which  had  been  in  the  laboratory  for  -some  time,  was  fed  by  stomach 
tube  an  aqueous  extract  of  50  grams  of  the  same  plant.  This  animal 
was  observed  continuously  for  6  hours  and  appeared  perhaps  only 
slightly  duller.  He  ate  during  the  night,  and  weighed  2,119.04  grams 
on  February  14.  During  the  night  no  stools  were  passed.  On  Febru- 
ary 16  this  rabbit  weighed  1,070.24  and  on  February  21,  2,012.75 
grams. 

The  nriue  pas.sed  the  first  24  hours  after  feeding  was  alkaline. 
Homo  of  this  was  shaken  with  chloroform  and  on  evaporation  was 
taken  in  acid  water.  On  evaporating  off  the  acid,  the  watery  solution 
was  injected  sulwutaneously  into  a  guinea  pig  weighing  467.76  grams, 
hut  produced  no  symptoms.    The  urine  secreted  in  the  following  24 

"  WIMtx,  K.  V.  riniit  r<ilrtouin)£  of  Kt<x-k  in  Monhuin.  V.  S,  T)ept.  Xgr..  Bur. 
Anluiiil  Inil.,  ITtli  Ann,  Kept.,  isnio.  \i.  !«!. 

*  Chesnut.  V,  K.,  «n(l  Wllc-os.  E.  V.     ShM'k-I'iilMiiiint!  Plniitu  of  Moutniin.  \i.  U7. 
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hours  was  added  to  the  first  and  the  whole  shaken  out  with  benzol. 
This,  after  taking  up  with  acid  water,  was  injected  into  the  same 
guinea  pig.  The  animal  soon  became  very  dull,  walking  with  wad- 
dling gait  when  forced  to  move,  being  evidently  affected  by  the 
poi-son.  Two  days  later  the  animal  was  normal.  The  urine  of  a 
control  rabbit,  similarly  shaken  with  benzol,  produced  no  such  symp- 
toms in  this  guinea  pig. 

On  February  11,  1907,  an  aqueous  extract  of  5  grams  was  injected 
subcutaneously  into  a  rabbit  weighing  606.14  grams.  An  hour  and 
three  minutes  later  the  animal  was  unable  to  stand,  and  soon  devel- 
oped convulsive  movements  of  the  limbs.  This  animal  wa.s  expected 
to  die  at  any  time  during  the  afternoon,  but  gradually  improved  and 
appeared  slightly  duller  than  normal  the  following  day.  On  Feb- 
ruary 13  it  weighed  613.61  grams;  February  25,  5(15,20  grams;  and 
on  March  16,  552.78  grams,  showing  a  steady  diminution  in  iveight. 

An  extract  o£  9.5-  grams  injected  subcutaneously  into  a  rabbit 
weighing  2,182.79  grams  was  without  immediate  effect. 

An  aqueous  extract  o£  20  grams  when  injected  into  a  rabbit  weigh- 
ing 481.93  grams  soon  caused  paralysis  of  the  limbs,  and  the  rabbit 
died  in  32  minutes. 

On  February  11,  1907,  a  rabbit  weighing  1,417.46  grams  was 
opened  under  ether,  and  the  mouths  of  the  ureters  were  tied  off, 
together  with  the  bladder,  to  prevent  elimination  by  the  urine.  An 
aqueous  solution  corresponding  to  34  grams  of  the  same  plant  was 
then  fed  by  mouth.  This  animal  remained  dull  all  the  afternoon, 
and  at  4.45  p.  m.,  4  hours  and  45  minutes  after  the  feeding,  he  was 
resting  with  his  chin  on  the  cage.  He  was  found  dead  and  stiff  at 
9.15  p.  m.,  having  evidently  died  some  time  previous.  A  post-mortem 
showed  the  ureters  distended  and  sharply  outlined. 

Another  rabbit  weighing  1,743.37  grams  was  prepared  in  a  similar 
manner  by  tying  off  the  ureters  and  bladder  and  was  fed  with  an 
extract  of  50  grams.  In  1  hour  and  47  minutes  this  animal  was 
paralyzed  and  unable  to  stand,  breathing  very  slowly,  and  died  6 
minutes  later.  The  ureters  were  found  dilated  as  in  the  previous 
case,  and  the  stomach  was  slightly  reddened. 

A  control  for  these  two  rabbits  was  prepared  in  a  similar  manner 
at  the  same  time  as  the  others.  Nine  hours  after  the  oijeration,  when 
the  two  rabbits  which  were  fed  the  Delphiniimi  were  dead,  this  rab- 
bit was  bright  and  running  about,  but  was  then  killed  with  chloro- 
form to  prevent  suffering, 

In  these  cases  it  is  necessary  to  consider  not  only  the  effects  of  non- 
elimination  but  also  the  fact  that  the  power  which  the  liver  possesses 
of  storing  up  and  removing  injurious  bodies  from  the  circulation  may 
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be  interfered  with,  as  Mosse '  has  proved  that  starved  and  nephrecto- 
mized  rabbits  show  histological  changes  in  the  liver  cpIIs. 

On  February  20,  1907,  a  well-fed  rabbit  weighing  1,403.29  grams 
was  etherized  for  12  minutes  and  then  fed  an  extract  of  50  grams 
to  see  if  tlie  increased  toxic  action  of  the  plant  was  due  to  any  inter- 
ference with  the  metabolism  caused  by  the  ether.  On  February  23 
this  animal  showed  no  symptoms,  weighing  1,360.78  grams,  and  on 
February  25  the  weight  was  1,403.29  grams.  The  urine  collected  in 
60  hours  was  shaken  with  benzol,-as  it  had  previously  been  found  that 
much,  if  not  all,  of  the  active  principles  of  Delphinium  camporum 
goes  into  the  alkaline  l>enzol  shaking  by  the  Dragendorff  method. 
The  residue  from  the  benzol  evaporations  was  then  taken  up  with 
acetic  acid  water.  On  removing  the  acid  by  heat  a  few  drops  were 
injected  into  the  dorsal  lymph  sac  of  a  male  frog  {Rnna  dnmitann) 
weigliing  35  grams.  This  animal  soon  became  paralyzed  and  was 
unable  to  move,  but  recovered  over  night.  The  following  day  a  few 
more  drops  were  Injected  with  the  same  result,  showing  that  some  of 
the  active  principle  of  the  Delphinium  was  eliminated  with  the  urine. 

From  these  experiments  it  can  be  seen  that  aqueous  extracts  of 
Delphinium  camporum  will  kill  rabbits  on  subcutaneous  injection, 
and  also  by  mouth  if  the  dose  is  large,  while  nnich  smaller  doses 
will  kdl  if  the  elimination  is  interfered  with,  as  by  tying  off  the  ure- 
ters, or  after  starving,  a  condition  which  intensifies  the  action,  prob- 
ably by  accelerating  absorption.  What  seems  to  be  the  cause  of  the 
uncertainty  in  the  results,  especially  in  the  lack  of  .striking  results  in 
the  feeding  qyperiments,  is  that  no  consideration  was  given  to  the  fact 
that  the  poisoning  in  this  case  may  be  simply  the  resultant  of  the 
excretion  and  absorption  of  the  plant ;  in  other  wonls,  that  very  little 
of  the  plant  may  be  taken  up  by  the  gastro-intestinal  tract  and  that 
this  may  be  eliminated  by  the  kidneys  before  a  poisonous  dose  has 
been  absorbed,  so  that  the  question  of  poisoning  becomes  one  of 
rapidity  of  absorption.  This  is  well  known  to  be  the  case  with 
curare,  where  the  administration  by  mouth,  except  in  large  doses,  is 
not  likely  to  prove  poisonous  unless  the  elimination  is  interfered  with 
as  by  tying  the  ureters."  Consequently  the  conditions  most  favorable 
for  poisoning  on  the  range  would  be  those  which  aid  the  more  thor- 
ough extraction  of  the  poisonous  principle  from  the  plant  by  the 
gastro-intestinal  tract,  thus  favoring  absorption,  and  those  which 
interfere  with  the  elimination  by  the  kidneys  or  interfere  with  the 
storing  of  the  poison  by  the  liver,  as  renal  and  hepatic  disease  or  lack 
of  salts,  which  normally  increase  diuresis. 

"  Moswe,  .M.  Ueber  I.elKTzellciiveriltKlenuineii  (leiihrektoiiilerter  u.  liuiiKeni- 
tler  Tlilere.    Zeitw.  f.  Kiln.  M«l..  vnl.  (10,  p.  -ITS.    100(1. 

ftltruuton,  T.  L.    Text-Book  of  I'luirmii colony,  3d  ed.,  London,  1S0;(,  \i.  .'iS. 
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A  striking  feature  about  these  rabbits  is  that  in  some  cases  while 
the  dose  was  not  sufficient  to  kill  immediately  they  gradually  lost 
in  weight,  probably  a  direct  result  of  the  irritation  of  the  gastro- 
intestinal tract.  This  condition  may  find  its  parallel  in  stock  re- 
moved from  a  Delphinium  area.  Knowles "  and  Wilcox  *  have 
claimed  that  the  inhalation  of  a  few  drops  of  ammonia  and  the  hypo- 
dermic injection  of  atropin,^to  ^  gram  (1  mg,  to  15  mg.)  for  sheep, 
or  1  gram  (60  mg.)  for  cattle,  is  the  most  effective  medicinal  treat- 
ment. Elimination  by  purgatives  and  diuretics  may  aid.  If  pos- 
sible, absorption  from  the  gastro-intestinal  tract  should  be  hindered, 
perhaps  by  lard,  but  the  real  treatment  is  preventive- 
One  member  of  the  genus  Delphinium,  D.  staphwaffria,  has  been 
studied  carefully,  and  a  number  of  bases  (delphinin,  delphinoidtn, 
staphisagrin )  isolated,  but  much  is  still  to  be  desired  in  the  way  of 
exact  knowledge  concerning  these  bodies."  Delphinin  has  a  local  irri- 
tative action.  Its  systemic  action  is  mainly  paralytic  on  the  heart  and 
respiration,  and  resembles  that  of  aconitin  in  many  respects,'  Post- 
mortem examinations  in  poisoning  by  mouth  with  this  body  showed 
marked  reddening  of  the  stomach.  In  a  number  of  Van  Praag's 
experiments  with  feeding  solutions  of  Delphinium  a  marked  increase 
in  urinary  secretion  was  noted."  Delphinium  coneolida  has  also  re- 
ceived some  attention  chemically,'  while  D.  leroyi,  D.  peregrinum, 
and  D.  maurUanimm  have  been  shown  to  produce  poisoning 
ex  peri  mentally.' 

Recently  Delphinium  bicol<yr,  D.  mensiesii,  D.  itehonii,  and  D. 
tcopulorum  stachydeum  have  been  found  to  yield  an  alkaloid,  delpho- 
.eurarin,*  which  has  been  introduced  as  a  substitute  for  curare  in 

a  KnowleH,  JI.  E.  Lnrktipur  I'olsouing  in  Sbe«|i  niiU  Cflttle.  -New  York  Med. 
.Tour,,  vol.  m.  |>.  271.     18)17. 

*  WIK'oi.  R.  V.     Larkspur  Polfloiiiiig:  of  Sbeep,  p.  ■!•'>, 

''  DraKcndorlT  nnd  Marniils.  Ueber  <L  Alkaloide  ii«H  Delpbluluuis  xtaplils- 
agrla.    Arcb.  f.  Eip.  I'ath.  u.  Pharmakol..  vol.  7,  p.  5.1.     1877. 

Kara-Stojaiow.  C.  tVber  d.  Alkalolde  d.  D^tpblnium  staph iitngria.  Pbarm. 
Zeits,  f.  RusHland.  181»,  vol.  20,  pp.  828,  641,  657,  673,  680,  7(e,  721. 

JToDiburlni.  N..  and  Leoiip,  A,  Azoine  flulol.  della  Delllnlnn.  Glor.  Intemas. 
d.  Scl.  Med.,  n.  «..  vol.  3.  p.  085.    1881. 

Oraia.  M.    Traitf>  de  toxlcologle.  5  ed..  vol.  2,  p.  138.     1852. 

e  Van  I'raag,  J.  L.  Delpbliiln,  Arch.  f.  Putb.  Annt.,  vol.  (!,  ji.  43!!.  1854. 
Sererk.  J.  Beltr.  z.  Keiint.  A.  Delpblnlns.     Dorpat  Disx.     1K74, 

Darbel.  A.  Recberch.  Cblm.  et  ]>hyelol.  aur  les  alpnloldps  du  I>elpblnluni 
staph  iMiKrIn.     Monti)elller.    Tbf'iw.     18(>4. 

r  MaslDg,  E.  I'eber  d.  Alkaloid  d.  FeldrltterK]ion)n.  n.  foniwllda.  Pbarm. 
Zelts.  f.  Russland,  vol.  22,  p.  33.     1883. 

cRocbebrune,  A.  T.  de.    Toxicol.  Afrlcnne,  vol.  1,  pp.  152,  lin,  .^3.     IS'.XI. 

*Felnde  der  Haustlere  und  Ibre  glftlge  Prlnci|>eii  (Delphoonrnrln),    Pbarm. 
Centr.,  vol.  44,  p.  013.     1003. 
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vivisection  work,  and  this  introduction  is  indorsed  by  Lohmann's 
work." 

Schiller*  corroborates  Lohmann's  results,  but  claims  that  curare  is 
efficient  for  nmsck'  physiological  work  in  smaller  doses  than  is  the 
delphinin  of  Heyl. 

This  use  of  Delphinium  certainly  offers  a  field  which  should  be 
investigated  commercially,  as  curare  is  likely  to  be  uncertain  in  its 
action.'  Methyl  delphinin  is  said  also  to  possess  this  ciirare-like 
action.'* 

The  coloring  matter  of  the  flowers  of  Delphinium  zalil  has  been 
utilized  as  a  dye."  Other  Delphiniums,  such  as  D.  ajacie,  have  been 
recommended  for  insecticidal  uses,  and  especially  on  account  of 
cheapness.' 

Froggatt  states  that  common  garden  larkspur  will  kill  locusts,  and 
advises  planting  them  in  masses  around  gardens  and  orchards  to  pro- 
tect against  the  ravages  of  these  insects."  The  same  claim  is  made 
as  to  its  action  against  grasshopjwrs.* 

Delphinium,  coeruleiim  has  been  used  to  kill  maggots  and  D.  hruno- 
nlmuim  to  destroy  ticks.*  This  latter  plant  has  been  used  to  some 
ext«nt  as  a  substitute  for  musk. 

a  rioluiinmi,  A.  I'liters,  (Iber  <i.  Verwertlib.  eines  ncl])liliiiii  priiiJ.  an  Stelle  <1. 
Curare  In  d.  muskelph.vB.  Techoik  Pfliigpr's  Arch.  f.  Res.  t'lij-hiol.,  vol.  ft2. 
p.  473.     1002. 

'Selilller,  V.  L'eber  iL  |)Ly»lol.  Wirkungcn  (I.  IteliiUluiiis  (Hejl)-  Arcb.  t. 
Aunt.  II.  I'hysiol..  Physiol.  Abtheil..  |i.  24S.  1904. 

■■  Merck,  E.     Ann.  Keiiorts.  1902,  vol.  IC,  |).  48, 

1*  Robert,  R.     Lebrl).  il.  Iiitox.,  2d  ed.,  p.  1185. 

cAitchison,  J.  E.  T.  Some  Plants  of  Afglinnlstan.  Plmrim.  Jour,  nnd  TrnnB.. 
vol.  17,  p.  4(1(1.     1SN7. 

1  Aiuer.  Jour.  Phnrni,,  vol.  55,  p.  30.     1883. 

BFroggatt,  W.  W,  Plague  I»custs.  Agr.  Gtiii.  .\e«-  South  \\'al(!B.  vol.  11,  p. 
ISi.     1001. 

*  Bailey,  J.  F.     Hemp.    (Jueeiixluiid  Agr,  Jour.,  vol.  2,  p.  200.     1898. 

«  WnttB,  G.  Dictionary  6t  Kronomic  Products  of  India,  vol.  3,  m>.  G4-G5.  1890. 
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COnONS. 


imiFORHrrT  of  cotton  fibxbs. 

Id  investigations  in  cotton  breeding  where  an  improyement  in  cer- 
tain lint  characters  is  desired  several  factors  must  be  carefully  consid- 
ered. Among  these,  some  of  the  most  important  are  fineness  of  lint, 
the  relative  yield  of  lint  to  the  total  yield  of  seed  cotton,  and  the  uni- 
formity of  length  of  all  the  fibers  when  properly  combed  out  and 
examined.  The  last  character,  uniformity  of  length,  is  a  moat  impor- 
tant one  and  ha»  much  to  do  with  subsequent  waste  and  the  produc- 
tion of  good  yarns  in  the  process  of  manufacture. 

On  Plate  I  are  illustrations  of  cotton  seeda  with  fibers  combed  out 
to  show  uniformity  and  nonuniformity  in  the  length  of  the  fibers. 
The  seeds  to  the  left  (A)  show  very  poor  uniformity  and  are  of  the 
"butterfly"  type,  as  they  are  commonly  called.  In  marked  contrast, 
the  seeds  to  the  right  (B)  show  excellent  uniformity  as  a  result  of 
several  generations  of  careful  selection. 

APPARENT  LACK  OF  UNZFOBHITT  ANI>  ZTB  OCCimSENCS. 

There  is  an  apparent  lack  of  uniformity  which  deserves  consider- 
able attention  from  the  standpoint  of  cotton  growerH  and  breeders. 
Plate  II  illustrates  this  character,  although  it  is  more  strikingly 
brought  out  in  the  operation  of  detaching  the  seed  from  the  lock. 
From  the  illustration  there  would  appear  to  be  a  great  lack  of  uni- 
formity, due  to  a  group  of  fibers  about  twice  the  length  of  the  general 
covering.  This  group  arises  from  the  center  of  the  main  body  of 
fibers  or,  often,  from  those  having  a  point  of  attachment  near  the 
larger  end  of  the  seed.  This  character  is  usually  associated  with  the 
finer,  more  crinkly  types  of  long-staple  cottons,  such  m  the  fine,  long- 
linted  Egyptian  and  Sea  Island  .varieties  and  the  long-»taple  Upland 
varieties— Griffin,  Allen,  Cook,  etc.  It  is  a  character  which  becomes 
more  apparent  aa  a  variety  is  being  rigidly  selected  genemtion 
after  generation  for  finer,  longer  staple.  This  has  been  well  illus- 
trated in  the  improvement  of  the  lint  characters  of  the  Russell 
variety  and,  to  some  extent,  the  Jones  variety.     The  orginal  condition 
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of  both  of  these  varieties  is  I'emarkabl;  free  from  this  so-called  longer 
group  of  fibers.  Id  tbe  case  of  the  greatly  improved  Russell  strain, 
which  has  become  distinctive  enough  iu  good  lint  characters  and  yield 
to  be  designated  as  a  new  variety — the  so-called  Columbia  cotton — 
these  longer  fibers  are  evident  to  a  remarkable  degree. 

THE   TAUU   KATtTBB  OF  THE   LONGER  FIBEBS. 

It  has  been  more  or  less  the  rule  with  cotton  breeders  and  cotton 
growers  acquainted  with  the  "requisites  of  desii-able  lint  chai-acters  to 
r^ard  these  extra-long  fibers  as  an  unfavorable  feature.  In  this  light 
they  meant  a  variation  toward  nonuniformity.  In  the  work  of  selec- 
tion, to  avoid  as  much  as  possible  a  perpetuation  of  this  sort  of  varia- 
tion, plants  showing  this  character  most  markedly  were  regarded  with 
suspicion  and  later  even  discarded,  although 
in  other  respects  they  were  among  the  best  in 
the  field. 

A  careful  examination  leads  to  the  conclusion 
that  these  fibers  should  be  regarded  in  a  wholly 
different  light.  They  are  not  longer  fibers  as 
they  have  he^n  generally  considered,  hit  a/re 
Fw.  i.-siQgiecotuHi  flben  from  caiwfirf  hy  more  or  less  curling  and  interweaving, 
the  BOHsaned  longer  group  oi    -i^hich  results  in  tkepvlUng  Out  of  fihers  from 

adjacent  seeds. 
In  the  ordinary  manner  of  stretching  the  locks  to  determine  the 
drag,  the  fibers  are  slowly  separated  and  drawn  out,  and  at  those  points 
of  gi^eatest  binding,  as  shown  in  Plate  I,  C,  a,  ft,  and  c,  the  groups  of 
longer  fibers  appear  to  rise.  If,  now,  a  single  seed  is  selected  and 
detached  from  the  rest  and  the  entire  group  of  fibers  loosened  from 
its  attachment  to  the  seed 
coat  in  the  neighborhood  of 
the  longer  groups,  one  can 
with  fine  forceps  draw  theso 
fibersout  carefully  and  com- 
pare their  length  with  those 
of  the  rest  of  the  seed. 
In  many  instances  the  sin- 

irle  fibers  now  readily  sepa-  Fia.2.-Afewc»tra-longooManaben,Bhawlngtii 

^  ,  .1         *         ■  f  fibenonlted. 

rate,  since    the  tension   or 

pulling  ha«  ceased.  Several  of  these  single  fibers  are  shown  in  figure  1. 
In  some  instances  fibers  nearly  twice  the  normal  length  are  drawn  out. 
Oftentimes  with  the  naked  eye  the  point  of  union  or  tying  may  be 
discerned  by  the  tiny  loa^e  ends,  as  is  shown  in  figure  2.  In  other 
cases,  however,  this  point  of  union  is  so  intimate  that  only  a  high 
microscopic  power  can  make  it  evident.     Figure  3  illustrates  various 
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d^rees  of  this  tying  or  curling  t(^ether,  as  Heen  when  greatly  mi- 
nified. In  figures  1  and  2  (tingle  and  united  fibers,  respectively,  of 
natural  length  are  shown,  but  the  diameters  are  of  necessity  much 
greater  than  normal,  owing  to  the  exceeding  fineness  of  the  fibers. 

The  drag  of  cottons  showing  the  longer  fibers  previously  described 
gives  a  more  extended,  elastic  tension  than  is  manifest  among  the 
short-staple  varieties.  It  is  probable  that  breeders  may  find  this 
character  a  useful  one  in  indicating  a  tendency  toward  increased 
length,  fineness,  and  crinkliness  of  staple  in  the  individuals  in  which 
it  occurs  most  noticeably— Hn  indication  of  better  spinning  quality. 

It  is  important  that 
breeders  and  grow- 
ers of  long-staple 
cottons  should  know 
that  these  apparently 
longer  fibers  are  no 
indication  of  true 
lack  of  uniformity. 
The  presence  of  these 
fibers  in  the  long- 
staple  Upland  varie- 
ties has  quite  univer- 
sally led  to  the  erro- 
neous belief  that  such 
cottons  are  rather 
inferior  in  uniformity  as  regards  length  of  tibery.  The  Griffin  cotton, 
in  particular,  recognized  in  other  respects  as  the  best  long-utaple 
Upland  cotton  grown,  has  always  been  described  as  decidedly  unsatis- 
factory so  far  as  uniformity  in  length  of  staple  in  concerned,  since  the 
drawing  out  of  fibers  from  adja4-«nt  seed  is  a  marked  charaL-teristic  of 
this  variety. 

A  knowledge  of  the  true  nature  of  these  longer  fibers  will  clear  the 
reputation  of  some  of  the  best  long-staple  Upland  varieties  of  a  seri- 
ous fault  hitherto  wrongly  attributed  to  them  by  all  breeders  and 
growers. 


F[a.  3.— Cotton  fib«n(ied  logetht 


sdbvGoo^^lc 


,db,GoOglc 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 

BJKSio  OP  ?Lurr  dutostky— BUOBpn  m  m,  past  m 

B.  T.  GALLOWAY,  Chitf  of  Bureau. 


IMPORTED  LOW-GRADE  CLOVER  AND 
ALFALFA  SEED. 


EDGAR  BROWN, 
Botanist  in  Ckakge  of  Seed  Laboratory, 


MAMIE  L.  CROSBY, 
Abbistant,  Seed  Labobatobt. 


Ibbvep  OcroBBR  31,  1907. 


WASHINGTON: 

GOVERNMENT    PRINTING    OFFICE. 

1907.  r,.,z.d.vCoOt^lc 


,db,GoOglc 


CONTENTS. 

Introduction 5 

Why  loir^Tstle  aeod  ia  imported 5 

Analyses  of  imported  low-grade  seeda 6 

Red  clover 6 

AlEalta. 16 

The  importation  ol  low-^mde  seed  should  be  stopped 18 


ILLUSTRATIONS. 


Plate  I.  Fig.  1. — AlfalCasecdof  good  quality.  Fig.  2. — Imported  alfalfa  seed 
of  low  grade.  Fig.  3. — Red  clover  seed  of  good  quality.  Fig.  4. — Im- 
ported red  clover  aeed  of  low  grade 6 


Fra.  1.  High-grade  red  clover  aeed  compared  with  low-grade  red  clover  aeed 
(diagram) 


Digitized  bvGoO^^IC 


D„ii„.db,Go(5glc 


IMPORTED   LOW-GRADE  CLOVER  AND 
ALFALFA  SEED. 


IBTTBODUCTION'. 

During  the  calendar  year  1906  the  United  States  exported  3,615,873 
pounds  of  clover  seed,  and  during  the  latter  half  of  the  same  year 
imported  6,306,561  pounds,  the  exports  for  the  year  being  only  a 
a  little  more  than  one-half  the  imports  for  six  months.  The  same 
condition  holds  true  with  alfalfa  seed,  the  imports  far  exceeding  the 
exports.  The  relatively  lai^  importation  of  these  seeds  results 
from  short  crops  in  this  country  and  a  constantly  increasing  demand 
on  account  of  the  new  land  being  brought  under  cultivation  and  the 
extension  of  diversified  farming. 

Illustrations  of  typical  samples  of  imported  red  clover  and  alfalfa 
seed  of  good  quality  and  that  of  low  grade  are  shown  in  Plate  I. 

WB7  LOW-OBASB   SBSD   IS   IHPOBTEB. 

In  Europe  seed  testing  has  been  gradually  growing  in  favor  for 
forty  years  and  is  now  recognized  as  an  important  aid  to  agriculture. 
All  the  European  countries,  with  the  exception  of  Spain  and  Turkey, 
have  seed-testing  stations,  varying  in  number  from  one  in  Italy  to 
twenty-eight  in  Germany.  Each  of  them  has  the  necessary  equip- 
ment for  making  complete  tests  of  seed,  both  for  mechanical  purity 
and  for  germination. 

The  test  for  mechanical  purity  as  conducted  in  these  stations 
includes  not  only  the  determination  of  the  percentage  of  pure  seed 
and  of  other  seeds  and  dirt,  but  also  the  size  and  source  of  the  seed. 
The  source  of  the  seed  is  determined  by  the  characteristic  weed  seeds 
which  are  found.  While  errors  are  no  doubt  made,  these  determi- 
nations are  of  great  value  in  showing  that  at  least  a  part  of  the 
seed  was  raised  in  a  certain  section,  and  they  furnish  information  as 
to  the  probable  adaptability  of  the  seed  to  local  conditions.  Through 
the  work  of  these  stations  the  people  have  come  to  appreciate  the 
importance  of  good  seed,  and  as  the  greater  part  of  that  now  used  in 
Europe  is  sold  on  the  basis  of  accurate  tests  for  mechanical  purity  and 
germination  the  sale  of  low-grade  seed  has  been  greatly  reduced. 

A  similar  condition  exists  in  Canada,  where  there  is  a  strict  law 
governing  the  quaUty  of  seed  sold.     In  this  country,  however,  only 
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three  States  have  any  elTective  legislation  restricting  the  sale  of  seeds 
within  their  borders.  Several  of  the  (^cultural  experiment  stations 
are  preparing  to  undertake  seed  testing,  but  their  equipment  is  limited 
and  the  number  of  samples  handled  is  small.  At  present  there  are  no 
Federal  restrictions  on  the  importation  of  low-grade  and  worthless 
seed.  As  a  natural  result  the  United  States  has  become  the  dumping 
ground  for  the  poor  seed  of  Canada  and  Europe. 

AlfAIiTSBB  OF  OCPOBIED  LOW-QItASS  SBEDS. 

RED   CLOVER. 

Table  I  gives  the  analyses  of  sixty-one  lots  of  low-grade  red  clover 
seed  imported  during  the  fiscal  year  ended  June  30,  1906,  amoimting 
to  990,809  pounds.  The  total  importations  of  red  clover  seed  for  the 
same  period  amounted  to  7,498,287  pounds,  so  that  the  low-grade 
seed  furnished  about  one-eighth  of  the  total.  These  low-^rade 
importations  contained  seed  enough  to  sow  approximately  125,000 
acres  at  an  average  rate  of  seeding.  This  seed  is  for  the  most  part 
small-sized,  light-weight  screenings.  A  practical  failure  must  be 
expected  whenever  seed  of  this  quality  is  used,  either  from  not 
securing  a  stand  on  account  of  poor  germination  or  from  smothering 
with  introduced  weeds. 
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Fio.  1. -Alfalfa  of  Good  Quauty. 


FiQ.  2.— Imported  Alfalfa  o 


Fio.  3— Red  Clover  of  Good  Quality. 
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In  more  than  one-lialf  uf  tlip  .sixty-one  samples  nf  whicli  an 'analy- 
sis is  given  the  weiglit  of  1,000  seeds  is  less  than  a  frrain,  while  1 ,000 
good  pkinip  seeds  weiph  IJ  grams  or  more.  These  lots  contain  an 
average  of  only  43.1  per  cent  of  live  red  clover  seeil  and  miicli  of  the 
seed  that  will  geniiinato  is  worthless  for  seeding  purposes,  as  it  is  of 
small  size,  immature,  and  of  1()W  vigor. 

It  is  often  claimed  that  seed  of  this  kind  is  imported  to  I>e  recieaned_ 
before  it  is  put  on  the  market.  This,  however,  can  not  he  the  case, 
as  in  the  importations  referre<l  to  the  average  co.st  of  the  red  clover 
seed  that  will  grow  is  $20.3!)  per  hundred  pounds  on  the  ba.sts  of  the 
average  import  price  of  t7.61  per  hundred  pounds.  At  the  time 
this  seed  was  imported  five  lots  of  high-grade  see<!  were  offered  for 
sale  to  the  Department  of  Agriculture  at  an  average  price  of  $15.05 
per  hundred  poumls,  the  average  cost  of  the  red  clover  seed  that 
germinated  being  $15.59  per  hundred  pounds.  In  other  words,  one 
9702— Bull.  Ill,  p(.  3—07 2 
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liunilrecl  poun<ls  of  seed  that  would  grow  of  the  best  quality  coat 
$15.59,  while  one  hundred  pounds  that  would  grow  of  the  poorest 
quality  was  imported  at  a  cost  of  $20.39. 

This  low-grade  seed  always  carries  a  large  number  of  weed  seeds, 
fifty  kinds  being  found  in  earh  of  two  iota.  Of  that  from  Germany 
all  but  five  lots  contained  dodder  seed. 

In  sowing  seed  of  the  average  quality  shown  in  Table  I  at  the  rate 
of  8  pounds  to  the  acre  there  would  be  about  nine  weed  seeds  sown 
per  square  foot,  including  three  dodder  seeds  to  every  2  square  feet. 

Below  is  given  the  number  of  each  kind  of  weed  seeds  found  in 
the  lots  an  analysis  of  which  is  given  in  Table  I. 

&D  ji-NE  30.  i9oe. 

Sunpls  No.  3MG,~Bla<'k-fi<'eUfcl  plantain.  95.580;  ladyVtiiumb,  1,530:  kuotwerd. 
90;  spurge,  1,440;  niaj-wewl.  450;  catmint.  180;  green  ftixtail.  4,320;  yellow  foxtail. 
450;  buckhom,  1.890;  braottfi  plantain,  540;  chickweed,  270;  curled  dwk,  1.2B0; 
bitter  dock,  540;  soirel,  810;  healall,  540;  pcpjiergrasx.  3G0;  n-ild  carrot,  3<>0;  small 
cnib-gra»8,  6,480;  crab-grasB.  5,(170;  Bli'ndcr  paspalum,  1,;(50;  pt-nnyroyal,  2.700; 
Btink-giBKt.  ftO;  yi'Ilow  trefoil,  540;  live-finger,  180;  barnyard  gnu'^.  90;  npiny  Bida. 
90;  cedKe,  90;  lhree-Bee<Ied  mereury,  270;  vervain.  720;  iiimliling  aniarantb,  l,ti20: 
rough  pigweed,  900;  lamb's-quarCers.  1.080;  wilch-grass.  7.470;  spreading  panicuni, 
990;  prickly  lettuce,  90;  other  weed  aeedH,  3.420. 

Total  weed  needs  to  the  pound,  144,450. 

Sample  No.  2B46.—Uuckhorn.  10.200;  clover  dodder,  ;(8,l(iO:  wild  carrot,  5,250; 
healall.  4.fiOH;  low  hop-Hover.  (i4S;  plantain,  72;  wirrel,  2,808:  yellow  trefoil,  144: 
wild  chicory,  4.12;  ve^^■ain.  432;  fl<'ld  ramomile,  3(50;  inaj-weed,  72;  woodrush,  72; 
mouse-ear  chickweed,  72;  lain ii's-quarl ere,  72;  liawkweed  picris,  72;  niund-leoveti 
toad-Hax,  72;  small- flow  ere<i  crane's-bill.  21(i;  birdVfool  Irc'foil.  72;  other  weed  bc^hIs, 
1.728. 

Total  weed  sei-ds  to  the  pound,  71,5(i8. 

Sample  Ho.  2H7,— Buckhom,  13.8(i0;  black-seeded  plantain,  3,150;  bracted 
plantain,  90:  plantain,  90;  yellow  trefoil.  540;  clover  diKldor.  3.B00;  Tliiieau  clover 
dodder.  540:  wild  carrot,  3,060;  aorrel.  1.350;  curled  dock,  270;  ver\ain,  1,080;  while 
ver\>ain,  180;  green  foxtail,  810;  lamb's-quarlen-.  810;  healall.  630;  bird'a-foot  Ire- 
foil.  3tiO;  hop-clover.  360;  low  hop-clover.  90:  wild  chicory,  270;  kidney  vetch,  90; 
witch-fcraiw,  180;  knolweed,  180;  lady's-thumb,  iW:  sma'.l  eral)-gTa,sB,  90;  ox-tongue, 
90:  iT>urry.  90;  allilaria.  90:  other  w<ii!  m-lhI^.  KIO. 

Total  weed  seeds  to  the  pound.  :(2,H50. 

Sample  Fo.  3101.— (ireen  foxtail.  %,i;io:  witeh-graHs.  1,020:  plantain,  695; 
■lanil)'s-i|uarlen>.  425:  yellow  trefoil.  595;  small  eralv-gra.-*',  255;  lady's-thumb,  170; 
Ihree-seiiled  mercur>-.  85;  ragwee<l.  W:  olher  wei-<l  see<l»,  340. 

Total  weed  m^ede  to  ihe  pound.  99,705. 

Sample  No.  3188.— Buckhom,  24.l;«);  Chih-an  clover  dodder.  14.250;  sorrel, 
:(.910:  wild  <-am)t.  3,910:  healall,  3.825:  yellow  Irt-foil,  850:  binl's-foit  trefoil,  425: 
lamb's -quarters,  340:  wild  chicory.  340;  ox-longue,  340;  gri'en  foxtail.  170:  mayweed, 
170;  fielil  caniomilc,  170;  ho])-elover.  170;  mr.use-ear  chickweed,  85;  small  crab- 
Grass.  85;  low  hop-clover,  170:  chickweed.  85;  kidney  velrli.  85:  red  pimpemt'l,  85; 
snioll-flow.-re<l  <Tane's-l)ill.  M;  sail  bush.  85:  olh.-r  wei-d  ^■nle.  595. 

Toiul  wi'e<l  se.'.lM  to  the  |«>iind.  54.360. 
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Bunple  So.  8222.— Buckhoni.  93,678;  clover  dodder.  15.132:  healall.  (1.084:  wild 
carrot,  3,Z7B:  sorrel,  2,652;  yellow  trefoil,  1.716;  ltlaek-Hoede<l  plantain.  54(1:  lambV 
quarters,  390;  curled  dock,  390;  spurn',  390;  bird's-fixit  trefml,  312;  vervain,  312; 
hop-clovCT,  234;  saltbiwh,  15G;  Icsacr  slarwiirl.  15fi:  maywewl,  156;  white  vervain,  78; 
rhickwced,  78;  ox-eye  daipy,  78;  (treen  foxtail.  78;  blue  field  madder,  78;  popper- 
grass,  78;  other  weed  Beeds,  468. 

Total  weed  aeeds  to  the  pound,  126,51(j. 

Sampla  Ho.  SSSS.— Buckhorn,  13,940;  clover  dodder.  25.415:  lu-alall.  9.IS0;  wild 
carrot,  5,015;  sorrel,  5,490;  yellow  trefoil.  I..lfi0;  lamb's-ijuarters,  7fi5:  Itlack-seeded 
plantain,  7G5;  spurry,  425;  hop-elover,  340;  ver\-ain,  255;  curled  dock.  255;  rabliit's- 
foot  clover,  170;  wild  chicory.  170;  mayweed,  170;  red  pimpernel,  86;  bird'a-foot 
trefoil,  85;  green  foxtail,  85;  other  weeii  see<la.  695. 

Total  weed  tteed.i  to  the  pound.  64,565. 

Sample  Ko.  3400.— Buckhorn.  5,780;  clover  dodder.  8,364;  hoitpI.  7.790;  healall, 
4.692;  yellow  trefoil,  1,886;  wild  carrot,  1.558;  lamb'ft-quarters.  fi.W:  field  dodder, 
410;  red  pimpernel,  328;  hop-clover,  328;  lesserslarwort,  164;  w(K)dni9h.  KH;  lowhop- 
clover,  164;  rabliit'e-foot  clover,  82;  chickweed.  82;  liltter  dock,  82;  HmaU-eeeded 
false  flax,  82;  ver\-ftin,  82;  other  weed  needs,  3,526. 

Total  weed  seeds  to  the  pound.  36.120. 

Sample  Ho.  84S5.— Catch  fly.  14,790;  green  foxtail.  5.780;  Horrel,  4.674:  buckhorn, 
3,444;  yellow  trefoil.  3,198;  curled  dock,  3.280;  plantain.  2.214;  blaek-i<ee<led  plan- 
tain. 1.066;  lamb 'B-quart ere.  1,066;  mayweed,  820;  Canada  tliislle.  820;  amall  crab- 
grasa,  738;  witch^rasa,  410;  inoUBe-ear  chickweed,  410;  lady's-lhumb,  246;  healall, 
246;  catmint,  164;  evening  primrose,  164;  livc-linger.  164;  lieldcn'tw.  164;  stick-light, 
164;  ragweed,  82;  yellow  foxtail,  164;  chickweed,  82;  olher  weed  wiile.  492. 

Total  weed  eeede  U>  the  pound.  44,842. 

Sample  Ho.  3482.— Buckhorn,  21,074:  bla<'k-Heed<-<l  plantain,  10.168:  clover  dod- 
der, 11,316;  wild  carrot,  5,002;  healall.  1.558;  sorrel,  1.230;  lainb'B-quarlere.  820; 
witch^rass,  656;  yellow  trefoil,  574:  spreading  panicuni,  .328;  crab-grass.  410;  small 
ctab^rasB,  492;  chicory,  410;  low  hop-clover,  328;  curled  dock,  246;  ragweed,  246; 
spurge,  164;  mouse-ear  chickweed,  164;  bractp<l  plantain,  82;  forget-me-not,  82;  cat- 
mint, 82;  plantain.  82;  IramjTird  grass.  82;  five-finger,  S2:  small-seeded  false  flax,  82; 
Canada  thislle,  82;  rod  pimpernel,  246;  hawkweed  picris.  82;  chickweed,  82;  IcBser 
atarwort.  82;  peppergrass.  82;  liird's-foot  trefoil,  82:  scentless  camomile,  82;  other 
weed  seeds,  1.558. 

Total  weed  seeds  to  the  pound, ,58.138. 

Suuplfl  Ho.  a4BS.— Buckhorn,  36.982;  wild  carrot.  .36.326;  yellow  trefoil,  2,050; 
wild  chicory,  4,2fl4;  clover  dodder.  4.692;  (ield  dodder,  656;  vervain,  2.542;  healall, 
1.968;  low  hop-clover,  82;  sorrel.  984;  curled  ilock,  410:  hawkwi-ed  picris,  820; 
ox-tungue,  656;  field  camomile.  ()56:  lamb's-qnarters,  574;  red  pimpernel.  492;  green 
foxtail,  410;  blaek'Se<'ded  plantain.  164;  lesser  starwort.  164;  Canada  thistle,  82;  nip- 
plewort, 82;  cat's-ear,  82;  knotweeil.  82;  barnyard  graw".  82;  smnll  cmb-gra.-w.  82; 
other  weed  seeils,  2,296. 

Total  weed  seeds  to  the  pound,  97.580. 

SampU  Ho.  8497. —Buckhorn,  ;to,700:  wild  carrot,  32.726:  chicory,  4,845;  clover 
dodder,  4,700;  healall,  3,230;  yellow  trefoil.  1,785;  sorrel,  1.105:  lamb's-qunrters,  850; 
green  foxtail,  425;  red  pimpernel,  425:  do<lder,  425;  field  camomile.  340;  ox-tongiie, 
340;  curled  dock,  340;  hawkweed  picris.  266;  knotweed,  255;  ciit-leaved  crane's-bill, 
170;  nipplewort,  J70;  black -se(.ile<l  plantain.  170;  maj-wced,  85;  li'sser  slorwort.  85; 
bracted  plantain,  85;  spiny  sow  Ihi.itle,  85:  other  wi-i-d  seiils,  5.015. 

Total  weed  seeds  to  the  pound,  93,070. 

Sample  Ho.  34B8.— Buckhorn,  6.314;  sorrel,  3,936;  green  foxtail.  3. 198;  curled 
dock.  2,050;  lamb's-quarters.  1.640;  1'lack-seede<l  planlain.  1.476;  plantain.  984:  bit- 
ter dock,  820;  catmint,  1.148;  lesser  siarn-orl.  II5«;  Canailii  thisilcj  (i^  moilsii-cKr 
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t'hickwpwl.  y7-l:  iiiaywc('<1,  (HB:  la<ly's-lhiiuil>.  410:  yellow  trefoil.  328;  wiiall  oral)- 
graMR,  2-!(i;  Htii-k-tiglil ,  ;WK;  t!irp<;-m'('<l(-<l  incrcurj-,  1(14;  Imniyiird  grasji.  24H;  yclliiw 
foxUiil,  Ill4i  knolweol,  S2;  hftilall,  »2:  wilch-grass,  S2;  other  wv!--!  sceiis,  1.804. 

Total  weed  ncc<U  (o  llic  pouud.  3K.2()0. 

Sample  Ho.  3698.— Biieklioni,  3!I.S90;  dovenliKi.lcr.  l;t.(l50;  scinx-1.  H.4(i0;  hc-aiaJl, 
3,800;  wild  camit.  H.430;  yellow  (rofoil.  l.MO;  rahlii)'.H-f(«it  elover.  I,2ti0;  green  fox- 
tail. 990;  low  hop- clover.  KiO;  lilai'k-wediHl  plantain.  450;  Mpurrj-.  270;  wild  diiixirj-. 
270;  Imp-ell  I  vi.r.  181};  <>hiekw.>i-<l.  ISO:  lesser  slarwort,  90;  blue  field  madder,  90; 
Canada  (hisrlc.  90:  miall  erab-grasi.  90;  niii\-w(H>d.  90:  field  t-amomile.  90;  oilier  weed 
seeds.  fi,300. 

Totnl  weed  weerU  In  the  |K>ii1icl.  (il.020. 

Sample  No.  3S71, — Green  (oxtail,  5.100;  hlaek-iieeiiiy]  plantain.  7.225;  bueklium, 
3.910:  planlain.  1.9,J5;  lanibV-qiiarters,  ;i.Ho:  eiiricd  dock,  1,275:  wm-l.  1.015;  yel- 
low trefoil,  2,H05;  witch-sra-'W.  l,7Jt5:  liarnyard  graw.  17();  niaywei-d.  S50;  small  crali- 
gnwa,  510;  Canada  IliislU',  255;  lady's-lhuml),  170;  inoiwe-ear  eliiekweed,  170;  Kinall- 
scedcil  falw'  flax.  tW;  eatminl.  W;  li.-alall.  85:  <,t!ior  wee<J  weds.  1.700. 

Total  wei-d  Bee<is  to  ilie  pound.  :(2.«9,^. 

Sample  Ho.  8fl8T,--yuekliom.  2:(,:t22:  wild  earnit,  \lMli;  elover  dodder,  14.712; 
healall.  3,0)2:  sorrel, 2,02M;  lajnbVrjiiarlen..  I,5llt);  yeilowtrefoil.  1.482;  wild  chicory', 
1.248:  plantain.  546;  gnn-n  foxtail.  4(J8;  rabbit "s-Ic«,t  tlover,  .390;  low  hop-clover,  312; 
lurled  dock,  312;  nia^TTced,  234;  rml  pimpernel.  231;  eveuinj;  primruM>,  15G;  .■•cenl- 
less  camomile,  15(i:  doves-I.H.t  craneVhill.  150:  «alll)iish.  15(!;  ven-ain.  3.198;  sjnall 
erali-grass.  lufi;  fivf- linger,  lafi;  field  ramomJIe.  15(i:  la<ly'»-lhunib.  78;  bla(.-k-i>e(>ded 
plantain. 78;  slick-tiitln.78:  kidneyveleli,78:  freneliweed,  78:  spnrry.7S:  iix-lonfciie, 
78;  witeli-grai*'.  78;  olh.T  wei'<l  s<>iKlfl,  4,i;M. 

Total  w.'!--!  seedw  lo  lli.>  i>ound.  70.824- 

Sample  Vo.  8SB8,— Hueklmrii,  24,(Ki5;  dmlder.  ii,2IJ.i:  w.rrel,  Ci.l2l>;  lilack-weded 
planlain.  4,506:  wild  carrol.  2,720;  healall,  2.805;  hiLiib's-.iiiiirlers.  I. (115;. yellow  Ire- 
foil.  1.275:  lield  mniomile,  'MO:  sjhiw,  :>W:  small  crali-gra^y.  ;iM:  low  im|)-clover, 
425:  fireen  foxliiil.  425:  wild  chieory,  340;  birdV-foot  trcfnjl.  310:  emb-nrasR,  L70; 
braclMl  plantain,  I7II;  nia>'n-.-<>.l,  2.vi:  l.idyVlliunib.  1711;  le.^er  startt-ori.  8.%;  yellow 
foxlail.  S."i;  wilc'h-f'ras',  85:  live-liniT'-r,  85;  fpuny.  85;  rabbilVfiKii  cIovit.  S'i;  largc>- 
s.i.dcd  fal.-c  tliix.  8.5;  .ilber  weetl  sei-d?.  3,400. 

T.jlal  Willi  sciU  li.  the  jjounil,  o7.(Ki5. 

Sample  Ho.  389! ,— Sorrel.  15,215:  wild  eurrol,  Ill.TlO;  lamliVitnarlers,  9,[»)5; 
bucklKirn,  7,iKi5;  yellow  Ii-.-fiiLl.  4,,5li5:  h.-aiall.  2,975:  calchfly.  2.295;  curled  do.k. 
2,040:  Iliac k-seedM  plantain.  1.78.5;  green  foxtail,  l.lilo;  doilder.  8.50:  kidm.y  leicli, 
olO;  .saltlmsU,  425:  red  pimpernel,  .140;  small  rrab-Ri-asn,  340;  lender  p!U>})alum.  255; 
wild  chicory,  25.J:  niB>-wee<l,  2m:  lield  camomile.  170:  cliiekwecd,  170;  fn-nehwcf-l. 
170;  (ijiurry,  85;  catmint.  85;  bdy'ii-thuuib.  85;  small -flow  en^l  crane's-bill.  85;  other 
weeil  Hocds,  1,020. 

Total  wce<l  seeds  lo  Ihe  [xiimd,  1)4.150. 

Bampla  No.  3S98.  Sorrel.  5<>.70l>;  buekhoni,  14.820;  clover  d'Nlder.  18.87li;  wdd 
i-arhit,  5.070;  yellow  tn'fiiil.  2,10(i;  healall.  1.320:  kmirs-iiiiarlew.  «24;  Rreen  foxlail, 
o4ii;  plantain.  4liS;  wild  ehieurj',  4H8;  sniall  crali-Kinas,  2:14:  pi'enlless  (-ainomile.  2:t4; 
for^'ct-m«-not,  2:14:  lesser  slar«"on,  1511;  mouse-ear  ellickwe<ll,  15(i:  low  hop-clov.T, 
lofi:  knotwnHl,  150;  ox-eye  daisy.  1,50:  nilibit's-f.HJt  clover,  78;  binlVfoot  tn'ioil.  7«: 
wiKidrn^h.  bi'i;  red  pimpernel.  78:  blue  field  madder.  78;  enl-leav{il  crane's-bill.  78; 
silll.H.-ih.  78;  tieid  i'amomile.  312;  oilier  weed  w^iis.  1,092. 

Total  weed  seels  to  llie  pound.  104.520, 

Sample  Ho.  884T.— Idicklii.rn,  11,872:  cloverdotlder,  25,424;  sorn-1,  0.008;  lu-alall, 
4. -592;  wild  eaniil. 4.144;  yellow  1n4oil,  2. :)52;  Ismb's-iiiiarli-rs,  784;  vtTvain,  5fi0;  low 
h<.p-clover.  448:  L-reen  foxlail.  IWIi:  small  cnib-grass.  330;  liwer  slarworl.  ;««:  red 
ciiHcd  dock.   112;  iadv's-jkgmh,  112; 
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hop-clover,  112;  mayweed,  112;  fielil  camomilo,  112;  snoall-eeeded  false  flax,  112; 
other  weed  aeeda,  3,584. 

Total  weed  seeds  to  the  pound,  62,832. 

Sample  Ho.  1698.— Yellow  trefoil,  2,542;  clover  dodder,  29,520;  buckhom,  12,218; 
wUd  carrot,  8,528;  low  hop-clover,  984;  hop-clover,  410;  hcalall,  5,330;  Borrel,  7,62G; 
curled  dock,  164;  lamb's-quartors,  2,133;  vervain,  1,066;  rod  pimpernel,  574;  lesser 
marwort,  574;  green  foxtail,  574;  mayweed,  246;  field  camomile,  246;  wild  chicory, 
164;  kidney  vetch,  164;  bird'o-foot  trefoil.  164;  spuny,  164;  barnyard  grasp,  82;  email 
crab^ratB,  82;  blue  field  madder.  82;  wood  rush,  82;  other  weed  seeds,  3,444. 

Total  weed  seeds  to  the  pound,  77,162, 

Sample  Bo.  8721.— Buckhora,  7,735;  green  foxtail,  4,250;  sorrel,  2,380;  curled 
dock,  2,210;  lamb's-quarten,  l,fil5;  plantain,  !,445;  bitler  d.K-lt,  1,275;  black-flecded 
planlain,  850;  yellow  trefoil,  765;  catmint,  595;  Canada  thistle,  425;  lady's-lhumb, 
340;  mouse-ear  chickweed,  255;  small  crab-gTBse,  255;  knotweed,  170;  mayweed,  170; 
other  weed  seeds,  2,125. 

Total  weed  seeds  to  the  pound,  26,860. 

Sampb  Vo.  87H,— Green  foxtail,  3,740;  buckhom,  3,400;  black-seeded  plantain, 
2,720;  sorrel,  2,720;  lamb 's-quarters,  2,125;  catmint,  1,700;  curled  dock,  1,615;  Canada 
thistle,  1,190;  black-seeded  plantain,  1,275;  yellow  trefoil,  505;  lady's-lhumb,  510; 
witch-grass,  340;  barnyard  gtase,  340;  lesser  atarwort,  255;  mouse-ear  chickweed,  255; 
mayweed,  265;  small  crab-graea,  255;  ragweed.  255;  stick-tight,  170;  ox-eye  daisy,  170; 
chickweed,  85;  wild  chicory,  85;  yellow  foxtail.  85;  threiv^eeded  mercury,  85;  amall- 
seeded  false  flax,  85;  other  weed  seeds,  2,890. 

Total  weed  seeds  to  the  pound,  27,200. 

Bampls  Ho.  S810.— Buckhom,  7,020;  dodder,  6,930;  lamb'e-quarters,  4,950;  green 
foxtail,  3.420;  healall,  2.790;  eorrel,  3,060;  wild  carrot,  2.430;  yellow  trefoil,  810;  salt- 
bush,  1,080;  red  pimpernel,  900;  mayweed,  270;  field  camomile,  180;  vervain.  90;  wild 
chicory,  90;  low  hop-clover.  90;  rabbit's-foot  clover,  90;  hop-clover,  90;  bird's-foot 
trefoil,  90;  leaser  starwort,  90;  sweet  cliiver,  90;  other  weed  seeds.  1,980. 

Total  weed  seeds  to  the  pound,  36,540. 

BamplB  Ho,  8811,— Clover  dodder,  18,700;  buckhom,  19,380;  lamb's-quartcrs, 
5,355;  green  fox  tail  .■4,080;  sorrel,  3,315;  wild  carrot,  3,060;  healall,  2,550;  yellow  trefoil, 
1,360;  saltbush,  1,190;  wild  chicory,  6.10;  red  pimpernel,  425;  rabbit's-foot  clover,  340; 
white  campion,  170;  ox-tongue,  170;  hawkweed  picris,  85;  early  winter  cress,  170; 
Canada  thistle,  85;  mayweed,  85;  field  camomile,  85;  bitter  dock,  85;  curled  dock,  85; 
lady's-thumh,  85;  knotweed,  85;  kidney  velch,  85;  chickweed,  85;  sweet  clover,  85; 
black-seeded  plantain,  85;  mallow,  85;  spurry,  85;  stick-tighl,  35;  hliie  field  madder, 
86;  other  weed  seeds,  2,635. 

Total  weed  seeds  to  the  pound,  64,940. 

Sample  Ho.  8816.— Buckhom.  13,104;  clover  dodder,  6.240;  wild  carrot,  5,304;  sorrel, 
4,014;  healall,  4,758;  yellow  trefoil,  2,574;  lamb's-quartcrs,  1,170;  green  foxtail,  546; 
kidney  vetch,  468;  low  hop-clover,  312;  round-leal  toad  flax,  234;  curled  dock,  234; 
lesser  starwort,  234;  chickweed,  78;  ox-tongu^',  1-56;  black-seeded  plantain,  156; 
plantain,  78;  forget-me-not,  78;  wood  rush,  78;  small  crab-grass,  78;  bull  thistle,  73; 
bird  's-foot  trefoil,  78;  other  weed  seeds,  3,900. 

Total  weed  seeds  to  the  pound,  44,850. 

Sample  Ho.  8884.— (lover  dodder,  7,055;  field  doddei,  G80;  buckhom,  7,820; 
■ocrel,  6,205;  healall,  4,420;  wild  carrot,  2,975;  lamb's-quartors,  2,125;  yellow  trefoil, 
1,190;  green  foxtail,  425;  curled  dock,  255;  rabbit's-foot  clover.  170;  bird's-foot  trefoil, 
170;  small-flowered  crane's-bill,  170;  chickweed,  170;  yellow  foxtail,  85;  black-seeded 
plantain,  85;  ox-tongue,  85;  forget-me-not,  85;  other  weed  seeds,  3,145. 

Total  weed  seeds  to  the  pound,  37,316. 

Sample  No.  8908.— Buckhom,  14,306;  clover  dodder,  28,475;  sorrel,  6,375;  wild 
carrot,  6,375;  healall,  6,375;  lamb's-quartera,  3,145;  yellow  trefoil,  3,060;  giecn  fox- 
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tail,  2,295;  black-Beedwl  plantain,  1,375;  low  hop^lovw,  936;  rabbit 'a-fuot  clover,  850; 
red  pimpernel,  680;  curled  dock,  680;  mayweed,  425;  bird's-foot  trefoil,  340;  kidney 
vetch,  340;  hop-clover,  255;  witch-giSBB,  170;  oi-tongue,  170;  leaser  starwort,  170; 
round-leaved  toad  flax,  170;  small-flowered  crane's-bill,  85;  ragweed,  85;  spurry,  85; 
small  crab-grass,  S5;  Udy's-thumb,  85;  sweet  clover,  85;  nipplewort,  85;  other  weed 
seeds,  4,845. 

Total  wood  secda  to  the  pound.  82,305. 

Sampla  Ho.  SME.—Buckhom.  22,050;  clover  dodder,  6,570;  henlail,  3,[)60;  green 
foKtail,  2,430;  wild  carrot,  2,430;  lamb's-quartcrs,  2,340;  yellow  trefoil,  1,980;  sorrel. 
1,350;  bird'a-foot  trefoil,  640;  red  pimpcrnpl,  540;  ox-tongue,  90;  ver\-ain,  270;  small 
crab-graffi,  180;  low  hop-clo\er,  90;  lady's-thumb,  90;  alender  pagpalum,  90;  curled 
dock,  90;  wild  chicory,  90;  field  camomile,  90;  hawkweed  picria,  90;  mayweed,  90; 
hop-clover,  90;  other  weed  seeda,  2,430. 

Total  weed  seeds  to  the  pound,  47,970. 

Bampla  So.  3946.— Buckhom,  14,400;  yellow  trefoil,  3,570;  healall,  1,615;  clover 
dodder,  1,445;  kidney  vetch,  935;  green  foxtail,  850;  lamb's-quarters,  1,020,;  Borrel, 
850;  wild  carrot,  255;  rahbit'a-foot  clover,  170;  bird'a-foot  trefoil,  170;  round-leaved 
toad  flax,  85;  ox-tongue,  85;  bur  clover,  85;  small-flowered  ciane's-bill,  85;  other  weed 
aecda,  1,020. 

Total  weed  seeds  to  the  pouud,  26,640. 

Sampla  No.  SMS. — Sorrel,  680;  lamb'a-quarters,  425;  sweet  clover,  425;  green  fox- 
tail,85;  wild  carrot,  85;  ycllowtrefoil,85;  dodder,85;  Icaecrstarwort,  85;  rabbit's-foot 
clover,  S5;  other  weed  aeeda,  595. 

Total  weed  seeda  to  the  pound,  2,635. 

SamplsNo. 8960.— Buckhom, 1,700;  lamb's-quarters.  1,190;  clover  dodder, 850;  yel- 
low trefoil,  595;  low  hop-clover,  510;  wild  carrot,  340;  green  foxtail,  340;  yell()w  foxtail, 
256;  blueweed,  170;  rabbit's-foot  clover,  170;  sorri'l,  170;  hralall,  85;  sweet  clover,  85; 
field  camomile,  86;  si'entleas  camomile,  85;  amall-Heeded  false  flax,  85;  other  weed 
M'eds,  425. 

Total  weed  seeda  to  the  pound,  7,140. 

8unpI«Ka.3Se2.— Dodder,  1,190;  buckhom, 426;  lamb'8-qiiartere,255;  swi-etclover, 
510;  low  hop-clover,  85;  curled  dock,  85;  yellow  trefoil,  85;  liluewee<l,  85;  kidney 
votcb,  85;  other  wei-d  seeda,  510. 

Total  weed  seeds  (o  the  pound,  3,316. 

Sample  Ho.  S963,— Buckhom,  2,028;  wild  carrot,  546;  si.n-o],  390;  clover  dodder, 
936;  field  camomile,  156;  yellow  foxtail,  78;  wild  chicory,  78;  healall,  7S;  lamb's-quar- 
tera,  390;  other  weed  seilU,  702. 

Total  wetwl  fteetia  to  the  pound.  5,382. 

Sample  Ho.  8964.— Buckhom.  3,690;  sorrel,  1,722;  clover  dcwldor,  1,066;  lamb's- 
quarters,  246;  leaser  starwort,  82;  yellow  foxtail,  82;  healall,  82;  forget-me-not,  82; 
other  weed  seeds,  574. 

Total  weed  seeda  to  the  pound,  7,620. 

SampleNo.  SWa.— Low  hop-clover,  170;  lamb's-quarters,  170;  liuekhom,  85;  heal- 
all, 85;  wild  carrot,  86;  forget-me-not,  85;  blueweed,  85:  dodder,  85;  chickweed,  85. 

Total  weed  seeds  to  the  pound,  936. 

Sample  Ho.  3967.— Lamb 'a-quartera,  1,615;  buckhom,  1,020;  dodder,  850;  yellow 
trefoil,  340;  wild  carrot,  255;  sweet  clover,  170;  rabbit's-foot  clover,  170;  forget-me-not, 
85;  red  pimpemel.  85;  field  camomile.  85;  sorrel.  85;  other  weed  seeds,  850. 

Total  weed  seeds  to  the  pound.  5,010. 

Sample  Ho.  8990.— Green  foxtail,  20,060;  curlwl  dock,  4,590;  bitter  •!<»%  170; 
lamb's-quarters,  5,440;  buckhom,  OSO;  yellow  trefoil,  850;  laily's-lhumb,  425;  stick- 
tight,  255;  Borrel,  170;  mayweed,  170;  Canada  thistle,  170;  ragweed,  170;  barnyard 
grasa,  85;  olher  weed  seeds,  860. 

Total  weed  seeds  to  the  pound,  34,085. 
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Hkmple-Vo.  SBM.— Plantain,  26.814;  mouae-ear  ehickweed,  12,300;  five-flnger, 
3,608;  bnckhorn,  2,788;  lamb's-quaiKtrs,  3,1X5;  eorrel,  2,378;  curled  dock,  2,132;  shep- 
herdVpnrse,  1,304;  bUck-Bi>edod  plantain,  1,722;  nmyweed,  1,722;  small  (.'rab-giasa, 
738;  yellow  trefoil,  656;  kdy'a-thiimb,  492;  stick-tight,  410;  witcb-graaB,  410;  worm- 
seed  mustard,  328;  pcppergrasB,  328;  bamyard  graas,  246;  yellow  foxtail,  82;  evening 
primroee,  82;  spiny  bow  thistle,  82;  sedgu,  82;  catmint,  82;  clover  dodder,  82;  knot- 
weed,  82;  three-seeded  mercury,  82;  green  [oxtail,  5,740;  Canada  thistle,  904;  small- 
seeded  false  flax,  82;  clover  dodder,  82;  other  weed  seeds,  4,018. 

Total  weed  seeds  to  the  pound,  73,473. 

Sample  Bo.  4009.— Buckhom,  12,948;  wild  chicory,  1,968;  yellow  trefoil,  2,460; 
wild  carrot,  1,640;  hop-clover,  82;  rabbit's-tool  clover,  82;  clover  dodder,  820;  Chilean 
cloverdodder.  164;  green  foxtail,  984;  yellow  foxtail,  246;  healall,  820:  saltbush,  738; 
lamb's-quarteiB,  656;  kidney  vetch,  492;  black-seeded  plantain,  82;  bracted  plantain, 
82;  planUin,  82;  barnyard  gruBs,  328;  sorrel,  410;  curled  dock,  328;  knotweed,  246; 
field  camomile,  240;  mayweed,  82;  sweet  clover,  164;  ragweed,  164;  red  pimpernel, 
161;  Canada  thistle,  82;  cut-leaved  crane's-bill,  82;  bird's-foot  trefoil,  82;  nippel- 
wort,  82;   eticktight,  82;  other  weed  seeds,  2,788. 

Total  weed  seeds  to  the  pound,  29,676. 

tampla  Ho.  4010.— Buckhom,  23,375;  snrrcl,  11,730;  cloverdodder,  11,815;  healall, 
6,460;  yellow  trefoil,  4,675;  lamb's-quarters,  2,465;  wild  carrot,  1,105;  red  pimpernel, 
1.190;  low  hop-clover,  1,105;  rabbit'e-Ioot  clover,  1,105;  mouse-ear  ehickweed.  1,360; 
leaser  itarwort,  935;  hop-clover,  935;  vervain,  850;  ehickweed,  265;  spurry,  255;  kid- 
ney vetch,  255;  green  foxtail,  255;  mayweed,  170;  field  camomile,  85;  foi^t-me-not, 
85;  small-flowered  crane's-bill,  35;  bur  clover,  85;  black-seeded  plantain,  85;  plantain, 
85;  other  weed-seeds,  8,330. 

Total  weed  seeds  to  the  pound,  79,135. 

Sample  Ho.  4080.— Buckhom,  60,210;  green  foxtail,  6,390;  ox-tongue,  6,930;  wild 
carrot,  5,950;  clover  dodder,  3,670;  yellow  trefoil,  3,315;  red  pimpernel,  2,040;  heal- 
all,  1,966;  bird's-foot  Uefoil,  1,786;  ox-tongue,  1,446;,  round-leaved  toad  flax,  1,190; 
wild  chicory,  340;  hawkweedpicris,255;  mayweed,  85;  otherweedseeds,  1,276. 

Total  weed  seeds  to  the  poimd  96,735. 

Bamplo  Ho.  40Sa.— Yellow  trefoil,  5.220;  buckhom,  1,615;  sorrel,  1,360;  lamb's- 
quarters,  595;  healall,  85;  yellow  foxtail,  85:  other  weed  seeds,  510. 

Total  weod  seeds  to  the  pound,  9,470. 

Samplo  Ho.  4031.— Clover  dodder,  11,730;  sorrel,  765;  lamb's-quarters,  680;  wild 
carrot,  595;  healall,  510;  black-seeded  plantain,  255;  buckhom,  255;  curled  dock,  85; 
five-finger,  86;  other  weed  seeds,  170. 

Total  weed  seeds  to  the  pound,  16,130. 

Sample  Ho.  4088.— Lamb's-quartere,  20,418;  lady'e-thumb,  410;  cleavers,  656; 
curled  dock,  410;  saltbush,  246;  stick-tight,  246;  small-seeded  false  flax,  164;  yellow 
trefoil,  164;   sorrel,  82;   other  weed  seeds,  574. 

Total  weed  seeds  to  the  pound,  23,370. 

Sample-  Ho.  4035.— Lamb' s-quartcrs,  5,304;  buckhom,  936;  clover  dodder,  780; 
Borrel,  646;  rabbit's-foot  clover,  156;  yellow  trefoil,  234;  wild  carrot,  156;  blueweed, 
156;   green  foxtail,  78;   spurry,  78;   bird's-foot  trefoil,  78;   other  weed  seeds,  3.822. 

Total  weed  seeds  to  the  pound,  12.324. 

Bampla  Ho.  403S.— Cloverdodder,  1.170;  hunb's-quarters.  2,880;  wild  carrot.  360; 
scentless  camomile,  270:  wild  chicory,  180;  mayweed,  90;  healall.  90;  red  pimpernel, 
90;  plantain,  90;  sorrel,  90;  hop-clover,  90;  other  weed  seeds,  640. 

Total  weed  seeds  to  the  pound,  5.940. 

Sample  Ho.  4044.— Buckhom,  12,710;  clover  dodder,  18,204;  wild  carrot,  6,630; 
oorrel,  2,865;  healall,  3,910;  yellow  trefoil,  3,230;  lamb's-quarten*,  2,465;  green  foxtail, 
1,616;  curled  dock,  1,630;  round-leaved  toad  flax,  1.105;  red  pimpernel,  1,020;  black- 
seeded  plantain,  680;  hop-clover,  595;  low  hop-clover,  610;  spurry,  340;  lesser  stor- 
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wort,  340;  mayweed,  255;  field  ramomile,  170;  small  orab-gtass,  170;  kidney  vetoh, 
255;  yollow  foxtail,  85,  Btick-tight,  85;  wild  chieory,  85;  lady's- thumb,  85;  ox-tongue, 
86;  rhickweed,  85;  other  weed  seeds,  5,100. 

Totol  wood  8H^3  to  the  pound,  64,209. 

Sftinple  No.  4081.— Sorrel,  2,720;  lamb's-quarlers,  340;  rabbifs-foot  clover,  340; 
black-seeded  plantain,  255;  knotwecd,  85. 

Total  weed  seeds  to  the  pound,  3,740. 

Bampl«  No.  4058. — Low  hop-clover,  85;  buckhom,  170;  field  camomile,  170;  clover 
dodder,  85;  healall,  85;  other  weed  seeds,  425. 

Total  weed  seeda  to  the  pound,  1,030. 

Sample  Ko.  4087.— Bnckhorn,  1S,030;  green  fojtail,  8,100;  black-seeded  plantain, 
7,660;  barnyard  grass,  S30;  yellow  foxtail,  540;  thri'P-scodo'l  mercury,  540;  knotwer^d, 
270;  lady'H-lhumb,  270;  plantain,  270;  five-fii^er,  180;  yellow  tn.'[oil,  90;  lamb's- 
quartera,  90;   curled  dock,  90;  witch-grasa,  90;   other  weed  seeds,  360, 

Total  weed  seeds  to  the  pound ,  34,200. 

SomplB  no.  40S4.— Lady'e-thumb,  10.030;  plantain.  20.740;  mouse-car  ehickwced, 
17,000;  curled  dock,  3,230;  shepherd 's-purse,  2,975;  yellow  trefoil,  1,785;  InmbV 
quartera,  1,700;  flve-finger.  1,615;  green  fonloil,  935;  black-eeedeil  planUiin,  850; 
■  Canada  thistle,  680;  spiny  sow  thistle,  255;  yellow  foilail,  170;  knotweed,85;  other 
weed  seeds,  340. 

Total  weed  seeds  to  the  pound,  62,300, 

Sample  Ko,  4087,— Buckhorn,  16,405;  clover  dodder,  24,820;  wild  carrot,  6,290; 
Borrol,  6,205;  hoala II,  6,035;  yellow  trefoil,  3,910;  green  foxtail,  3,485;  hrab's-quarters, 
3,400;  kidneyvetch.  1,020;  vervain,  935;  red  pimpernel,  850;  bla<rk-eeedcd  plantain, 
595;  low  hop-clover,  510;  mayweed,  510;  curled  dock,  510;  rabbit's-foot  clover,  425; 
lesser starwort,  240;  ox-tongue,  255;  saltbush,  255;  field  camomile,  170;  wild  chicory, 
170;  lady's-thumb,  170;  small  crab-grass.  170;  blueiield  madder,  85;  slender paspalum 
85;  ragweed,  85;  small-flowered  crane's-bill,  85;  hedge  mustard,  85;  hop-clover,  85; 
sweet  clover,  85;  other  weed  seeds,  7,396. 

Total  weed  seeda  to  the  pound,  85,.125, 

Sanple  Ho.  4118.— Yellow  trefoil,  20,790;  burkhom,  20,610;  healall,  3,510;  wild 
carrot,  3,150;  clover  dodder,  2.970:  sorrel.  2,160;  caUMy,  1,080;  lamb'B-quarters,  990; 
field  eamomile,  900;  red  pimpernel,  540;  kidney  vetch,  270;  green  foxtail,  180;  scent- 
less camomile,  180;  chickweed,  ISO;  small-flowereil  crane's-bill,  ISO;  Canada  thistle, 
90;  wild  chicory,  90;  lady's-thumb,  90;  lesser  starwort,  90;  cut-leaved  crane's-bill,  90; 
blue  field  madder,  90;   field  dodder,  90;   other  weed  seeds,  1,980. 

Total  weed  seeds  to  the  pound,  00,300. 

Samplo  Ho,  41 83. ^Buckhorn,  4,110;  plantain,  3,825;  green  foxtail,  3,655;  inay- 
wepii,  1,870;  black-seeded  plantain,  1,530;  curled  dock,  765;  five-finger,  425;  catmint, 
340;  sorrel,  340;  lady's-thumb,  340;  Canada  thistle,  340;  ragweed,  265:  mouse-ear 
chickweed,  170;  barnyard  grass,  170;  yellow  trefoil,  170;  wild  basil.  170;  yellow  fox- 
tail, 85;   wonneeed  mustard,  85;   small  crab-grass,  85;   other  weed  seeds,  2,636. 

Total  weed  seedH  to  the  pound,  21,6G5. 

BtmplB  No.  4169. — Black-Beede<l  plantain,  93,585;  green  foxtail,  6.035;  small  crab- 
grass,  7,055;  crab-grass,  4,760;  witch-grass,  4,845;  buckhom,  2,720;  curled  dock,  2,380; 
lady's-thumb,  1,785;  pennyroyal,  1,445;  lamb's-quarteis,  1,360;  hractod  plantain, 
1,445;  spurge,  1,275;  yellow  foxtail,  1,105;  spreading  panicum,  596;  sorrel,  8130;  peppor- 
grasB,  340;  evening  primrose.  255;  mayweed,  255;  yellow  trefoil,  255;  slenderpaspalum, 
170;  barnyard  glass,  170;  spiny  sida,  170;  wild  carrot,  170;  catmint,  85;  three-seeded 
mercury,  85;  other  weed  seedx,  4,080. 

Total  weed  seeds  to  the  pound,  137,275. 

Bampls  No.  4179.— Buckhom,  20,202;  clover  dodder,  35,802;  wild  carrot,  5,772; 
lamb's-quartere,  5,070;  sorrel,  5.070;  yellow  trefoil.  2,886;  healall,  3,822:  low  hop- 
clover,  1,092;  green  foxtail,  1,014;  red  pimpemel,  624;  dodder,  468;  vervain,  646; 
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rabbit's-foot  clover,  4G8;  oilongue,  390;  hop-clover,  312;  curled  dock,  234;  ealtbuBh, 
234:  field  camomile,  234;  mayweed,  156;  wild  chicory,  156;  black-seeded  plantain, 
156;  nellle-leaved  goosefoot,  78;  forget-me-not,  78;  mouae-ear  chickweed,  78;  lady'*- 
thumb,78;  scenilera  camomile,  312;  plantain,  76;  chickweed,  78;  Icsserstarwort.  234; 
kidney  vetch,  78;  other  weed  Beeds,  3,822. 

Total  weed  seeds  to  the  pound,  91.422. 

■ample  Ho.  4180.— Buckhorn,  27,716;  clover  dodder,  35,670;  low  hop-clover,  1,445; 
rabbit'a-toot  clover,  255;  wild  carrot,  3,400;  sorrel,  3,485;  yellowlretoil,  3,145;  healall, 
2.890;  lamb'sKjuarters,  2.720;  field  camomile,  7G5;  red  pimprmi-I,  595;  green  foxtail, 
510;  wild  chicory.  425;  lesser  slarwort,  340;  chickweed,  85;  nipplewort,  85;  Canada 
thistle,  85;  foT^t-rae-not.  85;  amall-flowered  crane's-bill,  85;  bird's-foot  trefoil,  85; 
small-seoded  false  flax,  85;  other  weed  seeds,  3,146. 

Total  weed  seeds  to  the  pound,  77,101. 

Sample  Bo.  4lai.— Buckhorn,  21,690;  clover  dodder,  46,980;  sorrel,  7,565;  wild 
carrot,  5,780;  lamb's-quartcrs,  4,760;  healall,  4,335;  yellow  trefoil,  2,465;  green  fox- 
tail, 1,3G0;  lesser  starwort,  935;  red  pimpernel,  850;  scentless  camomile,  765;  low  hop- 
clover,  765;  round-leaved  toad  flax,  595;  rabbit's-foot  clover,  610;  black-«eeded  plan- 
tain, 595;  field  camomile,  340;  kidney  vetch,  340;  wild  chicory,  340;  spurry,  255; 
chickweed,  170;  ox-tongue,  170;  fo^t-me-not,  170;  saltbush,  170;  hop-clover,  170; 
ox-eye  daisy,  170;  yarrow,  85;  plantain.  85;  mayweed,  85;  curled  dock,  85;  other  weed 
eeeda,  5.440, 

Total  weed  seeds  tn  the  pound,  90,025. 

Banple  Ho.  41S3,— Ruckhom,  9,540;  clover  dodder,  8,480;  lamb's-quarters,  6,210; 
green  foxtail,  4,.320;  oxtongue,  1,710;  rtiund-leaved  toad  flax,  1,800;  yellow  trefoil, 
1,260;  red  pimpernel,  900;  low  hop-clover,  SIO;  wild  carrot,  540;  sorrel,  360;  hawk- 
weed  pieris,  360;  healall.  180;  large-seeded  false  flax,  180;  mayweed,  180;  totgel-mc- 
not,  180;  rabbit's-foot  clover,  90;  spurry,  90;  witch  grass,  90;  field  camomile.  90; 
small-seeded  false  flax,  90;  field  cress.  90;  horehound.  90;  Frenchwccd,  90;  bull 
thistle,  90;  other  weed  seeds,  3,510. 

Total  weed  seeds  to  the  pound,  41.310. 

Bampla  Ho.  4B26.— Burkhom.  26,910;  Chilean  dodder,  5.940;  wild  carrot,  9.360; 
sorrel,  7,560;  catchfly,  7,380;  healall,  6.390;  clover  dodder,  6,210;  lamb's-quartfrs, 
3,600;  yellow  trefoil,  2,610;  small-flowered  crane's-bill,  BOO;  ksscr  starwort,  810;  red 
pimpernel,  630;  green  foxtail,  630;  spurry,  540;  mayweed,  540;  small  crab^iass,  450; 
kidney  vetch,  360;  bird's-foot  tri'foil,  270;  plantain,  270;  blue  field  madder,  180: 
foi^t-me-not,  180;  yellow  foxtail,  180;  oxcye  daisy,  90;  scentless  camomile,  90; 
curled  dock,  90;  spui^e,  90;  slender  paspalum,  90;  chickweed.  90;  hop  clover,  90; 
low  hop-clover.  90;  other  weed  seeds.  5,760. 

Total  weed  seeds  to  the  pound,  88,380. 

In  Table  II  are  given  the  analyses  of  the  five  samples  of  high-grade 
red  clover  offered  for  sale  at  an  average  price  of  S15.05  per  hundred 
poundB,  previously  referred  to. 
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The  accompanying  diagram  presents  in  graphic  fonn  a  comparison 
of  the  averages  of  the  analyses  of  red  clover  seed  imported,  as  shown 
in  Tables  I  and  II. 

ALFALFA. 

Table  III  gives  the  analyses  of  sixteen  selected  low-grade  samples 
of  imported  alfalfa  seed,  representing  cargoes  amounting  to  275,572 
pomids.  Since  the  total  importations  of  alfalfa  seed  during  the 
same  period  were  5,688,689  pounds,  the  low-grade  seed  furnished 
about  one-twentieth  of  the  total.  The  quahty  of  this  low-^rade  seed 
is  similar  to  that  of  the  red  clover  seed  shown  in  Table  I.  The 
germination  is  low  and  the  seed  in  many  samples  is  small  or  shriveled. 
Ail  but  two  of  these  lots  contain  dodder,  and  all  contained  on  an  aver- 
age more  than  fifteen  kinds  of  weed  seeds. 
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THE  mPORTATIOH  OF   IX}W-aB.AI}E  SEED  SHOUI.D    BE  STOPPED. 

Every  pound  of  worthless  seed  imported  is  finally  sold  to  the 
farmer.  Some  of  it  goes  into  the  trade  to  fill  the  demand  for  cheap 
seed.  More  of  it  is  used  to  inix  with  better  se«d  in  the  grading-down 
process.  By  mixing  100  pounds  of  seed  worth  $15  with  100  pounds 
of  imported  screenings  which  cost  $7.50,  a  medium  grade  will  result, 
costing  $11.25  per  hundred  pounds,  which  is  not  sold  at  $11.25  but 
at  $13  or  $14  per  hundred  pounds.  Whenever  a  dealer  mixes  two 
qualities  of  seed  together  to  make  a  medium  or  low  grade  the  price 
is  not  reduced  in  proportion  to  the  quality.  In  this  way  the  jobber  or 
dealer  who  mixes  seeds  invariably  gets  a  profit  on  the  screenings 
which  are  used. 

Unfortunately  many  farmers  in  the  United  States  furnish  a  ready 
market  for  the  refuse  from  our  own  cleaning  mills,  and  moreover,  on 
account  of  their  demand  for  cheap  seed,  we  are  importing  the  waste 
from  other  countries.  Seedsmen  should  not,  perhaps,  be  altogether  . 
blamed  for  meeting  this  demand  for  cheap  seed,  and  they  must  bo 
expected  to  sell  it  as  long  as  there  i.s  a  call  for  it.  At  the  same  time, 
the  farmer  not  being  as  good  a  judge  as  the  seedsman  often  takes 
what  is  offered  at  the  lowest  price  and  unwittingly  pays  more  for 
the  seed  that  will  grow  than  if  he  had  bought  the  best.  ^Vhat  is  of 
more  importance  to  tlie  farmer,  however,  is  not  that  he  is  paying 
more  for  his  seed  than  he  should,  but  that  in  buying  low-grade 
seed  he  gets  either  a  poor  stand  from  sowing  dead  seed,  or  small,  weak 
plants  from  sowing  seed  of  low  vigor,  or  the  crop  is  smothered  by 
weeds  which  wiil  continue  to  foul  the  land  for  many  years. 

Argentina  has  a  law  prohibiting  the  importation  of  alfalfa  and 
clover  seed  containing  the  seed  of  dodder.  Canada  prohibits  the 
sale  within  her  borders  of  seed  containing  weed  seeds,  but  provides 
for  its  export.  Europe  is  effectually  protected  from  the  use  of 
poor  seeds  through  its  seed-control  stations,  but  its  screenings  are 
exported.  It  seems  time  that  the  United  States  had  some  restriction 
on  the  importation  of  seeds  of  such  poor  quality  that  they  can  not 
be  sold  in  other  countries. 
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FORAGE  CROPS  FOR  HOGS  IN  KANSAS  AND 
OKLAHOMA. 


INTBOBUCnON. 

Farmers  are  more  and  more  realizing  that  pasture  is  necessary  for 
the  most  economical  production  of  pork.  Those  Tvho  are  raising  hogs 
and  putting  them  on  the  market  with  the  least  cost  have  their  entire 
farms  fenced  hog  tight.  This  enables  them  to  give  the  hogs  the  range 
of  the  meadows  and  fields  when  the  crops  have  been  harvested.  Much 
that  would  otherwise  be  lost  is  thus  saved  by  the  hogs,  for  they  are 
among  the  best  gleaners  of  the  waste  grain,  weeds,  and  msects  in  the 
iields. 

More  hog  pastures  are  fenced  each  year,  more  experimenting  is 
being  done,  and  there  is  more  inquiry  as  to  the  best  crops  for  pasture. 
These  questions  can  not  be  answered  intelligently  without  a  knowl- 
edge of  the  conditions  of  soil  and  climate,  the  market,  and  the  adapta- 
bility of  crops  to  different  sections  of  the  country. 

The  Office  of  Farm  Management  Investigations  has  undertaken  to 
ascertain  by  a  study  of  farm  practice:  (1)  Wliat  crops  have  been 
found  best  for  pasture  for  hogs  in  different  localities;  (2)  the  season 
during  which  these  crops  are  available;  (3)  the  number  of  stock  they 
will  pasture  to  the  acre;  (4)  the  value  of  this  pasture  in  connection 
with  other  feeds;  (5)  the  quantity  of  grain  necessary  to  produce  a 
given  amount  of  pork  on  different  pastures;  and  (6)  the  cost  of  pro- 
ducing pork. 

While  only  a  small  be^nning  has  been  made,  the  demand  for 
such  knowledge  and  its  importance  to  the  swine  industry  of  the  coun- 
try has  prompted  the  publishing  of  this  information  for  each  locality 
as  it  is  obtained. 

CKOFS  XTBEB  IN  KANSAS  AND  OXUIHOIU. 

During  the  past  summer  (1907)  about  150  of  the  most  successful 
swine  growers  and  pork  producers  of  Kansas  and  Oklahoma  were 
interviewed -on  the  subject  of  the  crops  used  for  feed.     In  southern 
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Oklahoma  along  the  river  valleys  and  in  northern  Oklahoma  and 
southern  Kansas  the  farmers  are  favored  with  a  soil  and  climate 
that  make  it  possible  to  produce  pork  very  cheaply.  The  mildness 
of  the  climate  makes  it  unnecessary  to  build  as  expensive  shelters  for 
hogs  in  winter  as  are  required  farther  north,  and  the  open  and  short 
winters  make  it  possible  to  furnish  pasture  during  a  greater  portion 
of  the  year,  thus  lessening  the  amount  of  grain  which  it  is  necessary 
to  feed.  The  main  pasture  crops  for  hogs  in  this  region  are  alfalfa, 
wheat,  oats,  and  rye,  ranking  in  importance  in  the  order  named. 


It  is  the  testimony  of  95  per  cent  of  the  farmers  interviewed  in  this 
region  that  there  is  no  better  pasture  for  hogs  than  alfalfa,  where  it 
can  be  grown  successfully.  Those  who  have  failed  with  it  as  pasture 
owe  their  failure  to  two  causes.  First,  the  alfalfa  has  been  pastured 
before  it  has  become  well  rooted.  Young  alfalfa  is  too  tender  a  plant 
to  stand  severe  treatment  except  under  very  favorable  circumstances. 
There  are  a  few  fanners  who  have  pastured  it  the  same  year  it  was 
sown  and  the  alfalfa  has  survived,  but  this  was  on  rich,  heavy  loam 
soil,  usually  creek  bottom  or  river  valley  land  with  water  not  far 
below  the  surface,  and  the  season  was  very  favorable.  Ordinarily 
alfalfa  should  not  be  pastured  until  the  second  year,  and  better  still 
not  until  the  third  year  if  it  is  desired  to  keep  the  field  as  permanent 
pasture. 

The  second  cause  of  failure  with  alfalfa  is  heavy  pasturing  and 
lack  of  judgment  in  pasturing  in  unfavorable  seasons.  A  good  many 
farmers  have  sown  a  small  piece  of  alfalfa,  and  then  because  it  has 
grown  rapidly  and  all  kinds  of  stock  are  fond  of  it  they  have  turned 
all  the  stock  on  the  farm  on  it  and  have  wondered  why  their  alfalf:) 
was  killed  out.  Others  pasture  regardless  of  whether  the  ground  is 
muddy  or  whether  the  season  is  dry  and  hot.  In  either  case  heavy 
pasturing  is  very  likely  to  cause  the  alfalfa  to  be  killed  out. 

ALFALFA  PASTURES. 

As  to  the  amount  of  pasturage  or  the  number  of  hogs  alfalfa  will 
carry  per  acre  without  injury  to  the  crop,  the  estimates  given  by 
farmers  vary  considerably,  depending  on  the  kind  of  soil,  the  fertil- 
ity of  the  land,  and  the  size  of  the  hogs  pastured.  The  following, 
however,  is  a  safe  average  estimate  as  given  by  conservative  men  who 
have  had  much  experience.  Kiver  valley  and  creek  bottom  land  well 
set  in  alfalfa  will  carry  from  15  to  20  head  per  acre  of  50  to  125 
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pound  hogs.  Upland  of  fair  average  fertility  will  support  from  8 
to  10  head  of  the  same  kind  of  hogs.  There  are  fields  that  have  sup- 
ported 25  head  per  acre  all  through  the  season  for  a  number  of  years 
and  are  still  in  good  condition,  and  there  are  other  fields  that  will 
not  furnish  pasture  for  more  than  5  head  per  acre;  hut  these  are 
extremes,  flHien  a  field  is  used  only  for  pasture  it  is  better  to  divide 
it  into  several  lots  and  move  the  hogs  from  one  to  the  other  as  oc- 
casion requires. 

The  length  of  the  season  during  which  this  pasture  is  furnished 
ulso  varies.  Alfalfa  is  ready  for  pasture  on  the  average  from  the 
middle  of  April  in  southern  Oklahoma  to  the  middle  of  May  in 
northern  Kansas.  In  many  cases  it  will  do  to  pasture  earlier,  but  it 
is  not  best,  as  the  young  alfalfa  has  not  the  start  it  should  have  for 
heavy  pasturing,  nor  has  it  the  strength  in  the  plant,  ^Vhen  not 
pastured  too  early  it  will  furnish  feed  at  the  rate  mentioned  during 
nearly  the  whole  season  until  October  in  the  Nortli  and  November  in 
the  South.  In  some  years  the  pasture  season  wilt  continue  a  month 
later  in  the  autumn,  depending  on  the  rainfall  and  the  lateness  of 
cool  weather.  In  some  seasons,  if  the  summer  is  unusually  dry  and 
hot,  the  pasture  will  become  short ;  but  usually  pasture  for  the  num- 
ber of  hogs  previously  specified  can  be  depended  on  for  about  seven 
months  of  the  year  in  the  southern  limit  of  the  territory  named  and 
for  about  five  months  in  the  northern  limit.  This  rule  will  apply  to 
other  sections  of  the  country  in  the  same  latitude  as  Oklahoma  and 
Kansas. 

While  many  farmers  pasture  alfalfa  fields  to  their  full  capacity, 
in  some  sections,  especially  in  northern  Kansas,  it  is  customary  to  run 
about  half  as  many  hogs  as  the  alfalfa  fields  will  support.  This 
practice  permits  the  cutting  of  the  usual  number  of  crops  of  hay, 
though  the  yield  of  hay  is,  of  course,  reduced. 

Alfalfa  not  only  furnishes  a  great  amount  of  pasture,  but  it  is  of 
a  character  that  goes  to  make  bone  and  muscle.  It  belongs  to  the 
leguminous  family  of  plants,  as  do  the  clovers,  the  cowpea,  the  field 
pea,  the  soy  bean,  and  the  vetches,  and  while  it  is  furnishing  this 
valuable  food  it  is  at  the  same  time  adding  fertility  to  the  land. 
Alfalfa  pasture  or  alfalfa  hay  and  com  are  very  nearly  a  balanced 
ration  for  animals,  and  while  it  is  better  to  have  a  grain  ration  fed 
with  it  to  hogs  as  well  as  other  animals,  yet  a  healthier,  thriftier  hog 
can  be  raised  on  alfalfa  alone  than  on  corn  alone.  Many  instances 
are  found  where  hogs  have  been  raised  on  alfalfa  alone.  One  Okla- 
homa farmer  marketed  in  December,  1905,  61  head  of  spring  pigs 
eight  months  old  that  averaged  171  pounds.  These  hogs  had  run 
from  the  time  they  were  little  pigs  with  their  mothers  on  15  acres  of 
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alfalfa  without  any  grain.  They  sold  on  the  market  for  5J  cents  a 
pound.  This  made  tJie  cash  value  of  the  alfalfa  pasture  about  $38.35 
per  acre.  As  will  be  seen,  this  is  light  pasturing,  as  there  were  only 
about  i  pigs  per  acre  besides  the  brood  sows. 

As  already  stated,  it  is  much  better  economy  to  furnish  a  grain 
ration  with  the  pasture,  as  it  results  in  better  gains  and  a  better  prod- 
uct. One  man  estimates  that  it  takes  from  one-half  to  one-third  less 
corn  on  alfalfa  pasture  than  on  a  straight  grain  ration  to  make  a  hog 
ready  for  market.  Many  let  the  hogs  run  on  alfalfa  until  about  five  to 
six  months  old,  by  which  time  they  reach  a  weight  of  75  to  125  pounds, 
feeding  just  a  little  grain ;  then  they  feed  heavily  for  about  two  months 
and  sell  the  hogs  at  eight  months  old  weighing  2CX)  to  225  pounds. 
One  farmer,  who  raises  about  a  thousand  hogs  a  year  and  who  in  one 
year  sold  $11,200  worth  of  hogs,  makes  a  practice  of  growing  his  hogs 
on  alfalfa  pasture  until  about  eight  months  old,  feeding  one  ear  of 
corn  per  head  daily,  lie  then  feeds  heavily  on  com  for  a  month  or  two 
and  sells  at  an  average  weight  of  200  to  2M  pounds.  Another  man 
feeds  all  the  corn  and  slop  the  pigs  will  clean  up,  all  the  while  run- 
ning them  on  alfalfa  pasture,  and  sells  at  six  to  eight  months  old  at 
weights  of  250  to  300  pounds.  Another,  who  raises  about  a  thousand 
head  a  3'ear,  feeds  all  the  corn  the  pigs  will  eat,  beginning  shortly 
after  weaning  and  continuing  until  the  hogs  are  sold  at  ten  to  eleven 
months  old,  averaging  about  275  pounds. 

Still  another  farmer,  from  weaning  time  (two  months  old)  until 
eight  months  old,  feeds  the  pigs  nothing  but  dry  corn  on  alfalfa  pas- 
ture, averaging  about  one-half  gallon  of  corn  (3J  pounds)  a  day  per 
head.  At  the  end  of  eight  months  he  sells  at  an  average  weight  of 
250  pounds.  Feeding  the  above  quantity  of  corn  a  day  makes  the 
amount  fed  about  11]  bushels  per  head.  Figuring  this  at  the  average 
price  of  com  in  this  locality,  35  cents,  and  the  price  received  for  pork, 
53  centfi,  the  following  results  will  show  the  cost  of  growing  pork  on 
this  fitrm  and  the  value  of  alfalfa  pasture: 

ViiliH-  of  2.TO-i>ound  IwK,  iit  .'>!  centR II.1.75 

Vnliio  of  pig  at  \rennln)t.  ."iO  pounds,  nt  5i  cents 2.75 

Gniii  from  pasture  anil  pruln 11.00 

Cost  of  111  busliels  of  TOrn.  at  ST.  rents. ^^ 

Value  of  pasture  per  head  pnstur«I 7.07 

Xow,  compare  these  results  with  those  of  »  man  who  had  to  depend 
on  other  pasture  crops  than  alfalfa.  He  estimates  that  it  will  take 
13  bushels  of  corn  on  wheat,  oats,  and  rye  pasture  to  raise  and  fatten 
a  hog  so  it  will  weigh  240  pounds  at  nine  months  old,  besides  the 
pasture  and  slop.     At  the  price  of  com  mentioned,  35  cents  a  bushel, 
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and  with  hogs  at  5J  cents  a  puuiid,  iiute  the  cust  of  producing;  \xtrk 
on  this  farm : 

Value  ur  iMO-pouiid  lioK.  Ht  SI  Mstd— _ _.  $i:{.l»<) 

Tahieof  pig  at  weanlog,  SO  pounds,  at  5}  ceDts _  '2.  75  , 

Gain  from  paBtur«  aod  grain .  ._.      _     10.45 

Coat  of  15  biubels  of  (Xirn,  at  3S  cents .     _  .-        ...  5,25 

Value  of  jHiHture  |)er  head  pasturoil , 5.  20 

The  pasture  specified  here  will  not  support  more  than  half  as  many 
head  per  acre  on  this  farm  by  feeding  corn  all  the  time.  The  value 
of  this  pasture  is  only  $5.20  per  head,  against  $7.07  per  head  for  al- 
falfa pasture  on  the  other  farm. 

The  experiences  of  these  men  are  sufficient  to  show  the  value  of 
alfalfa  pasture  alone,  and  its  greater  value  when  grain  is  fed  in 
connection,  and  that  it  is  an  important  factor  in  economic  pork  pro- 
duction. A  little  later  in  this  bulletin  will  be  given  the  feeding  sys- 
tems of  some  farmers  which  will  still  further  show  the  excellence  of 
this  forage  crop  and  others  and  the  cost  of  producing  pork  under 
such  systems. 

ALT  ALT  A    HAY. 

While  alfalfa  pasture  has  been  found  to  be  very  valuable  for  hogs, 
the  hay  as  a  part  ration  for  winter  is  scarcely  less  important. 
Throughout  the  region  referred  to  the  farmers  are  feeding  the  hay 
to  hogs  in  winter.  Many  feed  the  hay  by  throwing  it  on  the  ground 
in  fortfuls;  others  have  made  low  racks  in  which  tlie  hay  is  placed, 
where  the  hogs  can  feed  like  cattle  or  sheep.  The  hay  has  been  found 
to  be  especially  valuable  for  brood  sows  before  farrowing.  A\'here 
it  is  fed  during  the  winter  only  a  small  grain  ration  is  necessary  to 
keep  the  sows  in  good  flesh  and  in  healthy  condition.  Sows  thus  fed 
also  farrow  good  litters  of  strong,  healthy  pigs. 

The  hay  is  usually  fed  dry.  The  leaves  are  more  readily  eaten  by 
the  hogs  than  the  stems,  as  they  contain  more  of  the  nutritive  value 
of  the  plant.  For  this  reason  some  farmers  save  the  last  cutting  of 
hay  for  the  hogs  because  it  is  more  relished.  It  is  eaten  up  cleaner, 
as  the  stems  are  not  so  woody,  and  more  food  value  is  found  in  the 
leaves.  Sometimes  the  hay  is  cut  up  fine,  wet,  and  mixed  with  other 
feed,  and  sometimes  it  is  fed  ground,  as  there  are  now  alfalfa  mills 
scattered  throughout  the  alfalfa  regions.  But  it  is  very  doubtful 
whether  this  extra  expense  will  pay,  unless  it  be  for  a  ration  for 
young  pigs. 

14846— Bull.  111—07 3 
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To  avoid  the  expense  ()f  cutting  or  grinding,  some  farmers  in  order 
to  get  the  hay  all  eaten  have  soaked  it  in  water  and  fed  it.  This  has 
proved  very  satisfactory  where  tried.  One  Oklahoma  farmer  carried 
his  hogs  through  a  winter  by  feeding  them  alfalfa  leaves  soaked  in 
hot  water  for  one  day  and  the  next  day  shorts  mixed  with  the 
pulp  and  water.  He  feeds  much  alfalfa  hay  to  his  hogs  and  is  very 
successful  with  them.  He  puts  the  last  cutting  in  shock  as  soon  as 
wilted,  and  thus  cures  it  without  bleaching  and  feeds  it  to  his  hogs. 
Another  farmer  carried  his  entire  herd  of  hogs  through  the  winter 
by  feeding  them  the  pulp  of  alfalfa  hay  after  soaking  it  in  water  over 
night.  He  also  gave  them  the  water  to  drink.  This  was  all  the  feed 
they  had  during  the  winter,  and  they  were  in  good  flesh  in  the  spring, 
with  smooth  glossy  coats  of  hair.  A  Kansas  farmer  was  feeding  a 
bunch  of  50  fall  pigs  on  corn;  during  the  wmter  they  got  off  feed 
and  were  not  thrifty.  He  reduced  the  corn  and  gave  a  ration  of  two- 
thirds  chopped  alfalfa  hay  and  one-third  corn  meal,  the  two  soaked 
together.  The  hogs  began  to  do  better,  and  a  little  later  he  changed 
the  ration  to  one-lhird  alfalfa  and  two-thirds  com.  The  results 
were  very  satisfactory,  and  the  cost  of  feed  was  reduced  from  $15  a 
month  on  corn  to  $9  a  month  on  alfalfa  and  corn.  So  alfalfa  hay,  as 
well  as  pasture,  has  a  very  important  use  on  a  hog  farm. 


In  northern  Oklahoma  and  southern  Kansas  fall  wheat  is  a  staple 
crop.  It  is  generally  seeded  from  the  middle  of  September  to  the 
first  of  October.  The  seeding  is  usually  1}  to  IJ  bushels  per  acre.  If 
tho  ground  has  been  well  prepared  and  the  fall  is  not  too  dry,  this 
will  have  made  a  good  growth  by  the  time  alfalfa  pasture  is  begin- 
ning to  fail,  along  in  November.  The  season  here  usually  remains 
open  until  Christmas,  so  that  six  weeks  of  very  good  pasture  are 
furnished.  Some  winters  are  so  open  that  the  wheat  remains  green 
most  of  the  winter  and  stock  find  pasture  all  winter.  The  spring 
opens  up  by  the  last  of  February  and  the  wheat  gets  green  again  in 
JIai-ch.  By  judicious  pasturing,  not  pasturing  too  heavily  or  when 
the  ground  is  muddy,  much  green  feed  may  be  had  without  injury  to 
the  wheat.  The  farmers  here^have  taken  advantage  of  this,  and 
where  they  have  their  wheat  fields  fenced  hog  tight  they  turn  the  hogs 
from  the  alfalfa  field  to  the  wheat  field  in  November  and  leave  them 
there'diiring  the  winter  unless  the  wlieat  gets  too  short  or  the  ground 
becomes  muddy.  The  hogs  remain  in  the  wheat  until  April  and  do 
well  with  very  little  grain.  At  this  time  they  can  go  back  to  the 
alfalfa  field  again.     Thus,  green  pasture  is  furnished  the  year  round. 
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Where  this  is  possible  two  litters  a  year  of  200-pound  hogs  can  ba 
raised  with  profit  and  pork  produced  very  cheaply. 

Wheat  will  not  carry  as  many  hogs  to  the  acre  as  alfalfa.  The 
usual  number  is  about  six  head  per  acre,  though  some  farmers  claim 
that  the  maximum  is  about  ten.  One  man  claims  that  hogs  arc 
one  of  the  best  animals  for  pasturing  on  wheat,  not  trampling  it  out 
as  cattle  or  horse.s  do.  Another  farmer  of  large  experience  thinks  it 
is  dangerous  to  pasture  pigs  at  about  weaning  time  on  wheat.  He 
has  lost  twice,  he  think.s,  from  that  cause.  The  last  time  he  saved 
only  15  out  of  45  head.  He  claims  that  wheat  is  too  fibrous  and 
collects  in  balls  in  a  pig's  stomach  and  intestines,  causing  inflamma- 
tion, from  which  the  pig  dies.  It  is  claimed  by  some  farmers  that 
wheat  is  injurious  to  hogs  just  as  it  begins  to  shoot  in  spring.  More 
information  is  needed  on  this  point.  The  usual  practice  is  to  remove 
the  hogs  from  wheat  in  early  spring  and  put  them  on  alfalfa  or  other 
summer  pasture,  so  that  experience  with  wheat  pasture  later  in  the 
season  is  limited. 

The  value  of  wheat  as  pasture  lies  chiefly  in  the  fact  that  it  fur- 
nishes green  feed  for  the  hogs  at  a  season  of  the  year  when  it  is  very 
much  needed,  especially  by  young  and  growing  hogs.  By  having 
pasture  at  this  season  there  is  a  great  saving  of  grain,  very  little  being 
needed.  It  also  enables  fall  pigs  farrowed  in  September  to  be  carried 
through  the  winter  in  good  condition,  thrifty  and  well  grown,  so  that 
by  giving  com  in  the  spring  they  can  be  sent  to  market  by  June 
nearly  as  cheaply  as  the  March  pig  can  be  shipped  by  December. 
Quite  frequently,  where  hogs  have  been  grown  on  alfalfa  or  wheat 
pasture,  they  will,  when  put  on  a  heavy  feed  of  com,  make  a  gain  of 
12  to  15  pounds  for  every  bushel  fed. 


In  the  same  region  where  wheat  is  used  for  pasture,  oats  are  also 
used  for  spring  pasture  and  are  highly  spoken  of  by  all  who  have 
used  them.  Some  claim  that  hogs  will  do  better  on  oats  than  on 
wheat.  The  liofp^  like  them  better  and  will  eat  them  as  long  as  they 
grow,  while  they  do  not  like  wheat  when  it  begins  to  head.  In  this 
locality  many  sow. oats  in  March  to  furnish  spring  pasture  for  the 
hogs  when  they  come  off  the  wheat  and  before  the  alfalfa  is  ready  to 
pasture.  Sometimes  oats  are  sown  with  rape  at  this  time  for  the 
same  purpose  and  to  give  variety  to  the  pasture.  Oats  will  furnish 
pasture  at  about  the  same  rate  as  wheat. 

The  great  value  of  oats  is  due  to  the  fact  tliat  they  furnish  suc- 
culent feed  at  a  season  when  it  is  much  needed,  giving  variety  to  the 
pasture.     They  are  also  greatly  relished  by  hogs.     Oats  are  particu- 
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larly  valuable  as  pasture  for  sows  and  young  pigs,  many  farmers 
sowing  them  for  this  purpose.  One  farmer  claims  that  he  is  less 
troubled  with  scours  in  pigs  on  oat  pasture  than  on  alfalfa. 


Rye  is  not  so  generally  grown  for  a  pasture  crop  in  Oklahoma  and 
Kansas  as  the  crops  just  discussed.  Many  farmers,  however,  use  rye 
to  make  a  part  of  the  pasture  crop  for  their  hogs,  and  its  value  can 
not  be  denied. 

Rye  is  seeded  from  September  1  to  the  middle  of  October.  The 
early  seeding  is  best,  as  it  comes  on  early  and  gets  well  established 
before  cold  weather  and  will  thus  make  better  fall  and  "winter  pasture. 
Rye  is  an  excellent  pasture  for  late  fall,  winter,  and  early  spring. 
If  not  pastured  too  heavily  in  the  spring  it  will  head  out  and  make 
a  very  good  yield  of  grain.  The  grain  is  an  excellent  ration  to  feed 
with  corn  to  pigs  and  growing  hogs  or  to  grind  and  mix  in  slop  for 
sows  with  pigs. 

The  amount  of  pasture  furnished  by  rye  is  about  three-fourths 
that  furnished  by  alfalfa,  being  estimated  as  supporting  from  C 
to  12  hogs  per  acre.  One  man  reports  having  pastured  50  head 
of  hogs  on  5  acres  during  fall,  winter,  and  spring,  then  harvest- 
ing 20  bushels  of  grain  per  acre.  In  the  southern  part  of  this 
region  rye  would  be  an  excellent  cover  crop  for  the  soil  during  the 
winter.  Besides  furnishing  pasture  it  coidd  be  turned  under  as  a 
green  manure  to  add  humus  to  the  soil. 

I.EBa   IMPORTANT  FORAGE    CROPS. 

While  alfalfa,  wheat,  oats,  and  rye  are  the  principal  forage  crops, 
there  are  others  that  are  used  to  some  extent.  Among  these  are 
clover,  rape,  sorghum,  cowpeas,  soy  Ijeans,  artichokes,  and  grasses. 


The  clovers  are  not  generally  used  in  the  territory  discussed.  Among 
tho?e  most  used  for  pasture  crops  are  red  clover  and  white  clover. 
These  are  good,  especially  in  the  latitude  of  central  Kansas  and 
farther  north,  but  south  of  this  the  clovers  do  not  do  so  well.  Red 
clover  and  white  clover  are  the  older  pasture  crops  and  are  in  more 
general  use  in  the  older  sections  of  the  country.  They  are  both 
excellent  forage  crops  for  hogs.  Red  clover  comes  in  well  in  the 
rotation  of  crops;  it  fertilizes  the  land  and  furnishes  both  pasture 
and  hay.  It  is  often  sown  with  oats  or  barley  in  the  spring,  or 
later  in  corn  after  the  last  cultivation.    It  does  very  well  with  corn 
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where  there  is  sufficient  rainfall,  but  in  the  drier  regions  this  method 
of  seeding  clover  is  not  to  be  recommended.  The  first  fall  it  is  used 
for  pasture;  the  second  season  it  is  u'^d  as  a  pasture  and  hay  crop. 
It  will  furnish  pasture  for  about  ten  head  of  hogs  per  acre  during 
the  first  half  of  the  season  and  half  that  many  the  last  half,  pro- 
vided the  soil  is  fairly  good  and  the  season  not  too  dry.  The  hay 
is  excellent  for  hogs,  especially  for  brood  sows  in  winter,  but  does 
not  equal  alfalfa  hay. 

White  clover  is  better  used  in  permanent  pasture  with  some  of  the 
grasses,  as  Kentucky  bluegrass.  It  will  not  furnish  as  much  pasture 
as  red  clover,  but  is  especially  good  while  in  bloom  during  May  and 
June.  It  does  better  on  moist  ground  than  red  clover  and  will  do 
very  well  on  sopie  poor  soils.  It  is  not  recommended  to  sow  alone 
nor  for  hay,  although  the  dry  hay  contains  upward  of  14  per  cent  of 
crude  protein. 

Alsike  clover  is  better  in  some  regions  than  red  clover,  especially  on 
low,  moist  ground.  In  some  localities  farther  north  it  does  better 
and  is  a  more  certain  crop.  It  will  supply  about  as  much  pasture  as 
red  clover,  is  seeded  at  the  same  time,  and  furnishes  pasture  for  the 
same  period.  As  a  hay  crop  it  will  not  yield  as  much,  but  it  is  a  little 
better  than  red  clover,  as  it  does  not  have  as  woody  a  stem. 

Crimson  clover  has  not  succeeded  well  in  the  past  in  this  region,  but 
is  to  be  recommended  for  further  trial  as  a  pasture  crop.  Along  the 
Atlantic  coast,  the  only  region  where  it  is  largely  and  successfully 
grown,  it  has  been  found  that  the  hairs  of  the  blossoms  are  likely  to 
gather  in  dense  balls  in  the  stomach  and  intestines  of  animals,  espe- 
cially the  horse,  and  cause  death.  For  this  reason  it  should  not  be  cut  * 
for  a  hay  crop  after  the  flowers  mature.  It  is  an  excellent  winter 
pasture  crop  for  swine,  however,  and  will  furnish  more  pasture  than 
red  clover.  It  is  a  winter  annual,  an.d  should  be  sown  in  August  or 
September. 

The  chief  value  of  crimson  clover  is  that  it  acts  as  an  excellent 
cover  crop  for  soil  during  the  winter  months  and  prevents  the  soil 
from  washing  or  leaching.  It  also  furnishes  in  southern  regions 
excellent  winter  and  early  spring  pasture  for  hogs. 


Rape  is  usually  sown  in  early  spring — in  March  or  early  in  April — 
in  Oklahoma  and  furnishes  pasture  by  May.  The  Dwarf  Essex 
variety  is  used.  It  is  seeded  either  broadcast,  at  about  4  pounds  of  seed 
per  acre,  or  else  in  drills  30  to  32  inches  apart,  using  3  pounds  per  acre. 
Drilling  is  the  best  method,  as  this  permits  of  cultivation.  The  plants 
grow  more  rapidly  and  make  pasture  sooner.    When  sown  in  drills, 
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the  hogs  will  not  break  down  and  destroy  so  much  of  the  crop.  Early- 
sown  rape  will  furnish  pasture  from  May  until  August.  If  rape  is 
not  grazed  too  closely  in  the  spring  and  the  stalk  is  not  eaten  off,  it 
will  grow  up  and  make  fall  pasture. 

A  good  growth  of  rape  will  supply  pasture  for  about  15  or  20  hogs 
to  the  acre.  One  man  claims  that  it  will  take  25  head  to  pasture 
it  down. 

It  is  often  difficult  to  get  hogs  to  eat  rape  at  first  if  they  have  not 
been  accustomed  to  it.  For  this  reason  it  is  not  grown  by  some.  Its 
value  as  a  forage  crop,  however,  is  shown  in  the  experiments  of  the 
Wisconsin  Agricultural  Experiment  Station,  where  it  was  proved  to 
have  a  feeding  value  per  acre,  when  combined  with  a  ration  of  corn 
and  sTiorts,  equivalent  to  2,436  pounds  of  grain  and  a  money  value  of 
$19.49  per  acre.  When  the  cost  of  seeding  is  counted,  rape  proves 
valuable  for  pasture,  as  the  seed  can  be  bought  usually  for  8  cents  a 
pound  and  3  to  6  pounds  an  acre  is  all  that  is  needed.  Eape  should 
not  be  pastured  until  it  is  a  foot  high. 

Considerable  complaint  is  found  with  rape  because  it  causes  sores 
and  scabs  on  the  hogs.  Sometimes  the  skin  has  the  appearance  of 
being  blistered.  This  is  especially  true  of  white  hogs.  This  diffi- 
culty can  be  remedied  somewhat  by  removing  the  hogs  to  other 
pasture  crops  for  part  of  the  lime  and  applying  a  mixture  of  sulphur 
and  lard  to  the  sores. 

As  one  of  the  annual  forage  crops  rape  is  valuable  on  account  of  the 
cheapness  of  the  pasture,  the  quantity  of  feed  furnished,  the  general 
thriftiness  of  the  hogs  on  the  pasture,  and  because  it  adds  variety  to 
the  ration  and  is  available  at  a  time  when  other  pastures  may  be  short. 


Sorghum  is  used  quite  extensively  in  the  drier  upland  regions  for 
summer  pasture.  It  is  valuable  on  account  of  the  great  amount  of 
feed  furnished,  pasturing  from  20  to  30  head  of  hogs  per  acre.  It 
comes  in  as  a  summer  pasture  when  other  pastures  are  frequently 
short  on  account  of  hot,  dry  weather.  It  is  sown  in  May  and  fur- 
nishes; pasture  during  July,  August,  and  September,  or  even  later. 

Sorghum  is  less  palatable  and  nutritious  than  many  other  forage 
crops  adapted  to  this  region.  For  this  reason  many  do  not  like  it  as 
a  pasture  crop.  Hogs  do  not  thrive  as  well  on  it  as  on  alfalfa  and 
require  more  grain  to  keep  them  growing  nicely. 

The  si)ecial  value  of  sorghum  lies  in  the  fact  that  it  furnishes  a 
great  abundance  of  pasture  in  dry,  hot  weather  when  alfalfa  makes 
little  growth.  After  it  is  well  started,  say  i  feet  high,  it  will  furnish 
fairly  good  pasture  for  30  hogs  to  the  acre  for  a  few  weeks,  and 
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a  good  crop  will  carry  25  h«ad  of  100-pound  pigs  nearly  all  summer. 
Generally  speaking,  it  is  used  only  to  fill  in  during  dry,  hot  weather 
when  alfalfa  is  at  a  standstill. 


Cowpeas  are  just  beginning  to  be  recognized  in  this  section  as  hav- 
ing great  feeding  and  fertilizing  value.  They  do  much  toward  restor- 
ing the  fertility  of  the  soil,  and  some  farmers  are  making  use  of  the 
vines  as  a  forage  crop  for  their  hogs.  Wherever  they  have  been  tried 
the  farmers  are  enthusiastic  in  their  praise  of  them.  Not  enough  data 
have  been  obtained  on  pasrturing  to  be  able  to  say  how  many  head  of 
hogs  cowpeas  will  support  per  acre ;  but  in  a  comparison  of  their  feed- 
ing value  with  corn  for  hogs  the  results  obtained  by  the  South  Caro- 
lina Experiment  Station  show  their  importance.  In  this  test  6.02 
pounds  of  corn  and  4.91  pounds  of  cowpeas  were  necessary  to  produce 
a  pound  of  pork.  One  farmer  in  Oklahoma  reported  that  his  hogs 
preferred  the  cowpea  hay  to  alfalfa  hay.  All  kinds  of  stock  are  fond 
of  the  hay  and  do  well  on  it. 

The  value  of  cowpeas  as  a  forage  crop  lies  in  the  fact  that  they  fur- 
nish a  food  on  which  the  hogs  make  good  gains.  The  plants  will 
make  a  good  growth  on  rather  poor  soil  and  furnish  feed  during  late 
summer  and  fall  when  other  green  crops  may  be  short.  They  also 
bring  the  soil  into  a  more  productive  state,  the  same  as  clover  or 
alfalfa. 

If  cowpeas  are  planted  in  May  they  will  make  late  summer  pasture. 
The  best  pasture  is  obtained  after  the  peas  are  formed  and  well  grown, 
as  the  peas  are  very  nutritious  and  cause  the  hogs  to  gain  in  flesh 
rapidly. 

In  this  same  latitude  in  the  higher  altitudes,  as  in  the  San  Luis  Val- 
ley in  southern  Colorado,  where  it  is  too  cold  for  com,  the  farmers 
have  found  the  Canadian  field  pea  a  very  profitable  crop  for  forage 
both  for  sheep  and  hogs.  A  large  acreage  of  these  peas  is  put  in  each 
year,  the  peas  being  sometimes  sown  alone,  hut  more  frequently  with 
oats  <ir  barley.  The  seeding  is  done  in  April  or  early  in  May,  and  the 
crop  can  be  pastured  by  midsummer.  The  best  season  for  pasturing 
however,  is  later,  when  the  peas  have  formed,  the  stock  being  allowed 
to  harvest  the  crop.  Hogs  make  a  very  thorough  harvesting,  clean- 
ing up  the  peas  and  the  vines  quite  thoroughly.  What  vines  are  left 
on  the  ground,  together  with  the  manure,  enrich  the  soil  and  add  more 
humus  to  it.  In  addition  to  this  the  labor  of  harvesting  is  saved. 
Some  fields,  of  course,  are  harvested  for  hay  and  make  excellent  win- 
ter forage  for  cattle,  horses,  and  sheep.  The  hogs  raised  in  this  valley 
receive  no  com.  They  go  on  the  market  as  bacon  hogs  and  top  the 
market  in  competition  with  corn-fed  hogs.    These  hogs  usually  get  no 
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farther  than  Pueblo,  Leadville,  Silvertoii,  and  adjoining  towns.  The 
Pueblo  packers  have  been  using  them  for  a  number  of  years  and  speak 
very  highly  of  them.  Thus,  the  field  pea  has  made  the  hog  industry 
profitable  outside  of  the  corn  belt. 


The  soy  beau  is  used  but  little  as  a  forage  crop  by  farmers  in  this 
section,  and  the  value  of  this  crop  is  but  little  appreciated.  Soy 
beans  can  be  planted  on  a  field  from  which  a  small  grain  crop  has 
been  removed,  and  some  varieties  will  make  an  excellent  growth  of 
forage  and  even  mature  seed.  They  will  thus  furnish  pasture  for 
hogs  during  the  latter  part  of  August  and  September,  and  the  green 
and  ripening  beans  when  harvested  by  ^he  hogs  in  this  way  make 
an  excellent  feed.  The  beans  when  fed  in  a  ration  consisting  of  one 
part  beans  and  three  to  five  parts  of  com  or  Kafir  corn,  as  shown  by. 
the  Kansas  Agricultural  Experiment  Station,  make  a  very  profitable 
ration  for  fattening  hogs.  The  saving  in  the  amount  of  feed  nec- 
essary to  make  a  gain  of  100  pounds  is  fi-om  13-2  to  37.5  per  cent 
and  the  increase  in  gain  is  from  14.6  to  96,4  per  cent.  Also,  in  a 
feeding  test  at  the  Indiana  Agricultural  Experiment  Station,  where 
soy  beans,  middlings,  and  tankage  were  used  as  rations  with  corn, 
the  soy  beans  proved  to  be  the  most  valuable  adjunct  used.  As 
compared  to  corn  fed  alone,  hogs  that  received  one-third  soy  beans 
to  two-thirds  corn  made  two  and  one-fifth  times  as  much  gain  in  the 
same  length  of  time.  The  cost  per  100  pounds  of  gain  where  com 
was  fed  alone  was  $5.01  against  $3.59  where  one-third  soy  beans  and 
two-thirds  corn  was  fed.  Hogs  so  fed  look  thrifty,  have  a  good  appe- 
tite, fatten  rapidly,  and  have  glossy  hair  like  animals  fed  oil  meal. 

The  great  value  of  the  soy  bean  is  its  power  to  withstand  excessive 
drought,  like  Kafir  corn,  and  it  will  also  withstand  much  wet  weather. 
It  is  not  attacked  by  chinch  bugs  and  in  addition  to  its  great  feeding 
value  makes  an  excellent  second  crop  following  wheat  or  oats  to  build 
up  run-down  or  thin  soil.  Protein  is  very  necessary  in  a  ration  for 
building  bone  and  muscle,  as  all  feeders  are  coming  to  know,  and  the 
soy  bean  is  exceptionally  rich  in  this.  It  even  stands  ahead  of  alfalfa 
in  this  respect. 


The  grasses  are  not  so  good  for  hog  pasture  as  the  crops  previously 
mentioned,  but  they  are  used  to  some  extent.  Those  most  commonly 
grown  are  Kentucky  bliiegrass,  English  bluegrasa  or  meadow  fescue, 
Bermuda  grass,  and  the  native  wild  grasses. 

Kentucky  bluegrass  is  used  through  Kansas  and  southern  Nebraska. 
South  of  Kansas  in  Oklahoma  Bermuda  grass  is  used. 


sdbvCoO^^lc 


ROOT   CROPS.  17 

As  an  example  of  the  value  of  English  bluegrass,  the  experience  of 
one  farmer  in  northern  Oklahoma  may  be  cited.  He  uses  only 
English  bluegrass  and  wild  grass  as  pasture.  On  12  acres  of  the 
bluegrass  sown  the  fall  before,  he  pastured  150  head  of  stock  hogs 
all  the  spring  until  about  the  middle  of  May.  The  hogs  were  then 
taken  off  and  the  grass  allowed  to  go  to  seed.  This  farmer  states  that 
he  harvested  a  crop  of  seed  larger  than,  the  ordinary  crop. 

Bermuda  grass  is  not  much  used  as  a  pasture  for  hogs,  but  should 
be  grown  more  in  regions  to  which  it  is  adapted.  It  is  relatively 
rich  in  protein,  is  not  easily  killed  out  by  pasturing,  and  withstands 
drought  well.  It  is  often  used  as  a  soil  binder  and  might  well  be 
used  for  hog  pasture.  Many  hilly  farms  that  are  now  washing 
badly  could  be  put  in  Berpiuda  grass  and  pastured  to  stock,  thus 
saving  the  land  and  building  up  the  soil.  Some  farmers  are  begin- 
ning to  make  use  of  this  grass  and  are  fencing  it  for  hog  pasture. 
It  withstands  heavy  grazing,  rooting,  and  trampling. 

Some  farmers  have  fenced  in  the  prairie  grass  and  are  now  grazing 
their  hogs  on  it,  ^Vhile  it  does  not  have  a  very  high  feeding  value, 
hogs  will  do  very  well  on  it  with  grain.  One  man  claims  that  prairie 
grass  will  make  hogs  hold  their  own  at  the  rate  of  C  head  per  acre. 

HOOT  CBOP0. 

The  root  crops  most  used  in  this  territory  are  potatoes,  artichokes, 
peanuts,  and  sugar  beets. 

Artichokes  are  a  very  good  root  crop  to  use  for  hogs.  They  can  be 
planted  in  the  spring  the  same  way  as  potatoes  and  cultivated  the 
same.  In  the  fall  the  hogs  can  be  turned  in  to  harvest  them.  They 
thus  furnish  a  good  late  fall  and  winter  food,  especially  for  brood 
BOWS  and  shoats.  One  farmer  claims  that  1  acre  will  keep  from  20  to 
30  head  in  fine  condition  from  October  till  spring.  Their  use  reduces 
considerably  the  amount  of  corn  that  must  l)e  fed.  None  of  the  tubers 
need  be  dug  except  for  seed ;  the  hogs  will  dig  the  rest.  Early  in  the 
fall  hogs  do  not  eat  artichokes  readily.  In  winter  and  spring  they  eat 
them  greedily. 

Artichokes  have  a  tendency  to  become  a  pest  on  cultivated  land,  or 
if  planted  continuously  on  the  same  land  tliey  become  diseased.  They 
may  be  grown  very  successfully,  however,  in  a  pasture  crop  rotation 
for  hogs.  As  the  acreage  needed  is  not  large,  they  can  be  planted  on  a 
piH^  of  a  field  in  March  or  April  and  the  rest  of  the  field  sown  to  rape. 
In  August  the  part  sown  to  rape  can  be  reseedcd  to  rape  for  fall  pas- 
ture. This  field  can  be  sown  to  oats  the  next  spring  after  rape,  and 
barley  sown  after  the  artichokes.  The  crop  may  be  pasturctl  continu- 
ously if  needed,  or  later  mowed  for  hay.    In  August,  after  this  crop  is 
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removed,  rye  and  clover  may  be  sown.  This  will  fiirnisli  pasture  for 
the  ensuing  fall  and  for  (he  following  year.  This  makes  a  three-year 
rotation  of  pasture  crops  (hat  fit  in  very  well  with  each  other.  Pre- 
paring the  land  in  July  and  August  for  the  following  crop  of  rye  and 
clover  effectually  eradicates  the  artichokes. 

The  Oregon  Agricultural  Experiment  Station  made  a  test  to  deter- 
mine the  feeding  value  of  artichokes  with  grain  for  hogs.  The  result 
of  the  test  showed  that  where  artichokes  were  fed  tlicre  was  a  saving 
of  nearly  2  pounds  of  grain  for  every  pound  of  gain  in  live  weight. 
Besides,  the  hogs  were  healthy  and  vigorous  all  the  time. 

The  artichoke  is  superior  to  the  common  beets  and  turnips  for 
hogs — about  the  same  as  potatoes — and  they  are  richer  in  protein  than 
sweet  potatoes. 

Peanuts  are  but  little  used  in  tliis  region,  but  farther  south  and  east 
they  are  used  extensively.  One  man  estimates  that  when  pork  is  4 
cents  a  pound,  peanuts  return  $10  per  acre  when  harvested  by  hogs. 

The  Alabama  Agricultural  Experiment  Station  made  investign- 
tions  as  to  the  relative  value  of  peanuts,  chufas,  cowpeas,  rajw,  sor- 
ghum, and  sweet  potatoes  as  pasture  crops  for  hogs.  The  amoimt  of 
grain  required  with  peanuts  to  make  1  pound  of  gain  was  1.77 
pounds;  with  chufas,  2.3  pounds;  with  rape,  2.68  pounds;  with  cow- 
peas,  3.07  pounds;  with  sweet  potatoes,  3.13  pounds,  and  with  sor- 
ghum, 3.7  pounds.  Five  Tamworth  hogs  in  twenty  days  on  Spanish 
peanuts  gained  2.29  pounds  a  day  each. 

Peanuts  can  be  very  profitably  grown  in  many  sections  of  the 
latitude  of  Oklahoma  and  Kansas.  This  crop  will  do  better  on  a 
sandy  loam  than  on  a  heavy  clay  soil,  and  will  make  a  fair  crop  on 
thin  soil  where  corn  will  not  yield  well.  They  are  a  very  good  crop 
to  raise,  both  for  pasture  and  for  hay;  stock  of  all  kinds  are  very 
fond  of  the  hay.  When  the  nuts  are  left  on,  it  is  richer  in  protein 
than  alfalfa  hay.  The  variety  best  to  grow,  l«»Hi  for  hay  and  pas- 
ture for  hogs,  is  the  Spanish  peanut.  It  is  a  small-sized  nut  and 
grows  in  great  clusters  close  around  tlie  taproot  of  the  plant.  The 
Spanish  nut  is  not  so  particular  in  soil  requirements  as  the  largi'r 
varieties  and  is  easier  harvested  on  account  of  growing  in  clusters. 

It  is  claimed  that  peanuts  can  l)e  grown  in  dry  regions  wliere  corn 
will  not  succeed.  Tliis,  if  true,  is  important  in  the  southern-plains 
region.  Peanuts  can  he  made  to  take  the  place  of  corn  in  fattening 
hogs,  although  the  peanut-fed  hog  makes  softei-  lard  and  the  quality 
of  the  meat  is  not  so  good,  especially  in  the  bacon  hog.  But  us  an 
adjunct  to  corn  the  peanut  is  an  excellent  forage  crop.  It  is  claimed 
tliat  the  northern-grown  nut  is  better  flavored  and  less  oily  than  Uiat 
grown  in  tlie  South. 
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The  peanut  can  be  planted  the  last  of  April  or  first  of  May  in  the 
latitude  of  the  regions  discussed  in  these  pa^es  and  is  ready  to  turn 
the  hogs  on  by  the  last  of  August. 

In  Colorado,  in  the  sugar-beet  district,  hogs  have  been  fed  quite 
extensively  on  beets  in  the  winter.  Beets  do  not;  prove  satisfactory 
when  fed  alone,  but  are  used  to  some  extent  as  part  ration  with  grain. 
One  farmer  states  that  he  saves  a  good  supply  each  year  to  feed  in 
the  winter  to  his  hogs  to  keep  them  in  a  healthy  condition. 

In  a  feeding  test  at  the  Colorado  Agricultural  Experiment  Station 
sugar  beets  proved  to  be  wholly  unsatisfactory  when  fed  with  grain. 
The  cost  per  hundred  pounds  of  gain  of  beets  and  barley  fed  hogs 
was  $6.01;  of  beets  and  C(»'n  fed  hogs,  $7.22,  the  latter  being  higher 
than  any  other  ration  fed. 

pvupKins. 

Pumpkins  are  an.  excellent  feed  for  keeping  hogs  in  a  healthy 
condition.  Many  farmers  claim  that  the  seeds  of  pumpkins  will 
prevent  worms  in  pigs  and  shoats  and  that  a  ration  of  pumpkins 
fed  with  grain  will  keep  hogs  thrifty  and  give  them  a  good  appetite. 
A  good  many  wagonloads  can  be  grown  on  an  acre  of  rich  land. 
Stumpy  land  or  low  moist  land  will  grow  good  pumpkins. 

PABTUBX  CBOFB  FOB.  DIFFERENT  SEASONS. 

It  is  not  the  purpose  of  this  bulletin  to  discuss  the  rotation  of 
crops  and  its  importance  on  the  farm,  but  the  aim  is  to  briefly  men- 
.  tion  the  forage  crops  that  are  adapted  for  hogs  each  month  of  the 
year  in  this  region  and  to  explain  how  they  can  be  made  to  overlap 
each  other,  so  that  green  pasture  can  be  provided  for  each  month 
in  the  southern  part  of  the  territory  discussed  and  for  the  greater 
part  of  the  year  in  the  northern  part.  Hog  raisers  know  that  some 
months  of  the  year  there  is  an  abundance  of  pasture,  while  at  other 
seasons  there  is  very  little,  if  any.  At  such  times  other  feeds  must 
be  resorted  to  that  will  supply  the  deficiency.  The  extra  feed  re- 
quired is  expensive  and  cuts  down  the  margin  of  ptofit  in  pork 
production. 

It  will  not  be  practicable  to  name  the  crop  that  is  best  adapted  to 
every  locality  for  the  different  seasons,  as  each  farmer  must  know  bis 
soil  and  conditions  and  adapt  his  crops  to  those  conditions.  The  fol- 
lowing table  will  show  the  crops  that  mny  be  ready  for  pasture  in  the 
months  specified  and  the  possible  area  of  pasture  provided,  but, the 
choice  of  one  or  more  of  these  must  be  left  to  the  farmer  himself. 
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STSTZMS  OF  HOa  PBUDINa. 

Nearly  every  farmer  who  has  succeeded  with  hogs  has  a  feeding 
system  of  his  own,  yet  there  are  some  features  common  to  all.  A 
good  illustration  of  the  successful  handling  of  hogs  on  a  small  farm 
is  that  employed  by  a  man  in  northern  Oklahoma  on  an  80-acre  farm. 
He  has  his  whole  farm  fenced  hog-tight  and  turns  off  annually  from 
it  an  average  of  100  head  of  hogs.  All  thei«  are  of  his  own  raising 
and  are  grown  and  fitted  for  market  with  the  crops  raised  on  his 
farm,  with  the  exception  that  a  little  corn  is  occasionally  bought. 
He  has  5  acres  of  alfalfa  and  each  autumn  sows  5  acres  of  wheat  for 
late  fall  and  winter  pasture.  In  the  spring  he  sows  oats  to  supple- 
ment the  wheat  and  alfalfa.  The  wheat  is  sown  at  the  rate  of  1} 
bushels  to  the  acre,  about  September  1,  and  furnishes  pasture  in  the 
fall,  when  alfalfa  pasture  is  getting  short,  and  for  a  part  of  the 
winter.  The  wheat  will  also  furnish  some  pasture  for  the  hogs  in 
the  spring.  The  oats  tide  over  until  the  alfalfa  is  ready  for  pasture. 
Thus,  green  feed  is  furnished  for  the  greater  part  of  the  year.  The 
rest  of  his  80  acres  this  farmer  plants  to  corn.  A  part  of  this  com 
is  fenced  off  and  "  hogged  down  "  in  the  fall.  As  fast  as  the  hogs 
need  it  the  fence  is  moved  over,  and  fresh  com  is  taken  in.  This 
pasturing  is  begun  at  the  same  time  that  corn  is  usually  cut  up  green 
and  fed  to  hogs,  i.  e.,  when  it  is  in  the  roasting-ear  stage.  Spring 
pigs  are  turned  on  this.  This  plan  of  feeding  is  kept  up  until  the 
remainder  of  the  com  is  all  husked  from  the  field.  Then  the  hogs 
are  turned  in  to  clean  up  the  waste  corn  in  the  field.  Last  summer 
cqwpeas  were  drilled  in  the  corn  when  plowing  the  last  time.  These 
furnished  much  valuable  feed  in  addition  to  the  corn. 

In  April  this  man  had  20  head  of  fall  pigs  averaging  about  125 
pounds.  These  shoats  had  had  no  feed  except  wheat  and  alfalfa 
pasture  and  the  waste  grain  they  gathered  from  the  field  e.xcept  a 
little  corn  that  was  thrown  to  them  each  day  in  the  late  winter  and 
early  spring.  In  April  they  were  put  on  ground  com  for  thirty  days. 
During  this  time  each  ate  an  average  of  one-fourth  bushel  daily.  At 
the.  end  of  thirty  days  they  averaged  225  pounds.  This  makes  an 
average  gain  of  3^  pounds  per  day,  or  a  little  more  than  13  pounds 
of  gain  for  each  bushel  of  corn  fed.  The  market  price  of  corn  was  . 
50  cents  a  bushel.  The  hogs  soM  at  $5.50  per  hundred,  thus  bringing 
73J  cents  a  bushel  for  the  corn  fed. 

This  farmer  raises  two  Utters  of  pigs  a  year,  farrowed  in  March 
and  September,  turning  off  fall  pigs  in  the  spring  and  spring  pigs  in 
the  fall,  selling  at  C  to  8  months  old.  From  March  15  to  November 
1,  1906,  he  turned  off  $720.50  worth  of  hogs  and  had  22  head  in  the 
fattening  pens,  all  of  his  own  raising  and  all  grown  and  fattened 
on  the  products  of  his  own  farm. 

1"-"  DigilizedbvCoO^^IC 


22  FOBAOE   CBOPS   FOB   HOQ8   IN   KANSAS  AND   OELAHOHA. 

Another  farm  in  the  same  locality  will  serve  as  an  illustration  of 
what  may  be  done  with  fall  pigs  in  this  section.  Eighty  head  ran  on 
the  alfalfa  and  wheat  Eelcls  of  the  farm  during  fall  and  winter. 
They  gathered  roughage  and  waste  grain  in  the  fields  and  were  fed 
no  grain  until  6  months  old.  At  this  age  they  averaged  135  pounds. 
They  were  then  fed  some  com  on  alfalfa  pasture,  the  amount  grad- 
ually increasing  till  the  pigs  were  on  full  feed.  Com  was  fed  for 
two  months,  during  which  time  the  pigs  made  an  average  gain  of  14 
pounds  for  every  bushel  of  corn  fed.  They  were  sold  at  8  months 
old,  weighing  235  pounds  each.  The  price  of  the  corn  was  45  cents  a 
bushel.  This  makes  the  cost  of  the  corn  fed  $257.14,  or  $3.21  for  each 
hog.  At  the  average  price  of  hogs  in  this  locality,  5J  cents,  the 
herd  averaged  $12.92^  per  head.  Deducting  the  price  of  corn  fed 
leaves,  as  the  value  of  the  fall  and  winter  pasture  for  each  hog,  $9.71. 

Another  farmer  ran  a  bunch  of  September  pigs  on  alfalfa  and 
wheat  pastures  until  the  following  May,  when  they  weighed  125 
pounds.  They  received  in  addition  one  ear  of  corn  each  twice  a  day. 
At  this  time  the  com  was  increased  gradually  until  each  hog  was 
getting  10  ears  twice  a  day,  which  this  fanner  claims  is  the  maxi- 
mum feed  for  young  hogs.  They  were  fed  thus  for  six  weeks,  mak- 
ing in  this  time  a  gain  of  about  100  pounds  a  head  and  consuming 
10  bushels  of  com  each  at  a  cost  of  $3.50  a  head,  or  3J  cents  a  pound 
for  each  pound  of  gain  on  corn.  Allowing  4  bushels  more  as  the 
quantity  probably  fed  up  to  the  fattening  period  at  two  ears  a  day, 
makes  the  cost  for  corn  for  each  hog  $4.90.  To  this  adding  $1.10  a 
head  for  pasture  and  slop  (the  cost  of  the  slop  fed  is  not  known) 
firings  the  cost  of  each  hog  to  $6.50  a  head,  or  2$  cents  a  pound. 
This  allowed  a  good  margin  of  profit  at  the  ruling  price  of  pork. 

To  show  the  importance  of  alfalfa  hay  in  a  system  of  feeding,  the 
practice  of  the  farmers  around  North  Platte,  Nebr.,  and  elsewhere 
may  be  mentioned.  The  alfalfa  hay  is  ground  up  fine  or  else  fed 
whole  with  corn  in  the  proportion  "of  about  5  pounds  of  alfalfa  to  1 
pound  of  corn.  This  is  fed  to  the  brood  sows  during  the  winter,  and 
they  come  through  in  excellent  condition  on  very  cheap  feed.  In  many 
sections  alfalfa  hay  is  worth  about  $5  a  ton  on  the  farm.  One  ton 
of  alfalfa  and  about  8  bushels  of  corn  will  keep  three  brood  sows  one 
hundred  and  thirty  days,  or  nearly  the  whole  winter.  The  hogs  so 
kept  fnrn)w  pigs  that  are  remarkable  for  their  vigor  and  size. 

In  these  times  of  scarcity  of  labor  and  its  high  price  many  farmers 
are  trying  to  reduce  the  labor  on  the  farm.  Some  of  the  hog  raisers 
have  adopted  the  plan  of  harvesting  the  corn  crop  by  turning  the 
hogs  into  the  cornfield  and  letting  them  gather  it,  or  "  hogging  it 
down,"  as  it  is  called. 
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One  man  in  Ohio  turned  122  spring  pigs  and  older  hogs  into  a  10- 
iicre  cornfield  in  September.  The  total  weight  of  the  hogs  was  15,693 
poimdsi.  The  spring  pigs  averaged  82  pounds  and  the  older  hogs  15C 
pounds.  There  was  about  the  same  number  of  each  kind.  The  com 
would  yield  about  CO  bushels  an  acre,  and  in  it  there  were  a  good 
many  pumpkins.  The  hogs  had  access  also  to  a  5-acre  clover  field 
from  which  the  seed  had  been  removed.  Water  was  hauled  to  them 
and  they  had  the  shade  of  the  woods  near  by.  In  twenty-eight  days 
the  hogs  had  gained  6,522  pounds.  At  this  time  57  head  were  sold, 
averaging  245  pounds,  bringing  $5.15  per  hundred.  The  remainder 
were  not  sold,  but  the  farmer  was  offered  $5  per  hundred  for  them. 
Counting  the  entire  gain  of  6,522  pounds  at  $5  would  make  $327.60, 
or  $31.20  per  acre  for  the  field.  This  paid  52  cents  a  bushel  for  the 
corn  which  on  the  market  was  worth  40  cents.  The  whole  herd  of 
hogs  made  an  average  daily  gain  of  1.1*2  pounds. 

Another  man  in  southern  Kansas  makes  a  practice  of  "hogging 
down  "  corn.  He  uses  a  portable  fence  and  fences  off  5  to  10  acres 
at  a  time,  taking  in  more  as  needed.  lie  turns  the  hogs  in  the  com 
in  August.  On  12  acres  of  corn  one  year  he  fattened  50  head  of 
hogs,  using  about  600  bushels  of  com.  Of  the  bunch  42  head  were 
sold,  averaging  240  pounds,  netting  $600.  Allowing  100  pounds 
gain  for  each  hog  on  the  corn  thus  fed,  the  com  brought  41J  cents 
a  bushel,  without  the  expense  of  gathering. 

Another  man  in  Oklahoma  has  been  "  hogging  down  "  com  for  a 
number  of  years.  About  500  head  of  hogs  are  turned  off  this  farm 
every  year.  By  gathering  and  weighing  com  beside  that  which  was 
gathered  by  hogs,  it  was  found  that  a  bushel  of  corn  "  hogged  down" 
will  make  as  much  pork  as  the  same  quantity  husked  and  fed,  while 
the  expense  of  harvesting  is  saved ;  besides  saving  the  labor  of  feed- 
ing the  com  to  the  hogs  the  field  is  also  cleaned  up  better  than  a 
husked  field. 

An  Iowa  fanner  began  hogging  down  com  several  years  ago,  using 
20  acres  the  first  year.  He  watched  carefully  the  feeding  of  the 
hogs  on  this  field  and  concluded  that  no  more  corn  .was  wasted  than 
would  have  been  left  in  the  field  by  the  average  busker.  Since  that 
time  he  has  hogged  down  all  his  com,  thus  saving  the  expense  of 
husking.  This  man  says  the  cost  of  husking  for  one  year  will  fence 
the  field  hog-tight  if  there  is  already  a  wire  fence  for  cattle.  Husk- 
ing 40  acres  of  corn  yielding  40  bushels  per  acre,  at  4  cents  per 
bushel — it  has  cost  nearer  5  cents  the  last  season  (1907),  figuring 
board,  etc. — amounts  to  $64.  If  the  40  acres  are  a  square  field  this 
allows  20  cents  a  rod  for  the  fence  the  first  year.  With  a  cattle 
fence  already  provided  this  will  buy  the  wire  to  make  it  a  good 
hog-tight  fence.    Besides  this  there  are  two  other  great  objects  to 
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be  attained  by  this  method  of  harvesting  corn:  (1)  The  improve- 
ment of  the  land  and  (2)  the  health  of  the  hogs.  The  farmer 
referred  to  says  that  in  his  first  year's  experience  he  snapped  20  acres 
of  com  beside  the  field  hogged  down.  The  next  spring  both  were 
sown  to  small  grain  under  the  same  conditions  and  with  the  same 
preparation.  The  wheat  on  the  land  where  corn  was  hogged  down 
made  5  and  the  oats  7  bushels  more  to  the  acre  than  did  the  other. 
The  difference  is  just  as  noticeable  in  a  succeeding  corn  crop.  The 
husks,  cobs,  stalks,  and  leaves  all  remain  on  the  land,  and  these, 
with  the  manure  from  the  hogs,  enrich  the  soil  and  add  organic 
matter  to  it. 

The  health  of  the  hog  is  another  important  item.  Hogs  tliat  have 
plenty  of  range  and  exercise  are  not  nearly  as  susceptible  to  disease 
as  those  confined  in  a  small  pen.  A  hog  that  goes  out  after  his  feed 
will  be  well  grown  and  thrifty,  accustomed  to  the  elements  and  not 
liable  to  be  injured  by  a  sudden  change  of  weather.  It  is  difficult 
to  put  a  good  finish  on  hogs  while  running  in  a  large  pasture.  If 
they  are  allowed  to  run  on  good  pasture  until  three  weeks  or  a  month 
before  sending  to  market,  and  are  then  shut  up  and  given  all  the 
com  they  want,  with  plenty  of  pure  water,  they  will  make  very  rapid 
gains. 

This  man  allows  his  pigs  to  run  in  the  corn  as  soon  as  the  land  is 
plowed  the  last  time,  but  does  not  let  the  older  hogs  into  the  field 
until  the  corn  is  in  good  condition  to  feed  in  the  fall.  He  says  he 
has  also  had  good  results  from  letting  cattle  into  the  com  first  and 
following  these  with  hogs.  He  thinks  this  is  the  most  practical 
solution  of  the  labor  problem  when  help  i.s  so  high-priced  and  scarce. 

As  stated  in  the  beginning,  it  is  the  aim  in  this  bulletin  to  deal 
with  some  of  the  practical  problems  that  are  confronting  the  farmers 
of  this  country.  Facts  that  have  come  under  the  writer's  observation 
in  the  past  year  (1907)  have  been  stated  as  concisely  as  possible  and 
applied  to  the  territory  visited  and  to  similar  latitudes.  It  Is  impos- 
sible, as  already  stated,  to  prescribe  for  the  wants  of  each  individual 
farmer  in  the  limits  of  a  bulletin  such  as  this.  The  facts  are  given  in 
a  general  way,  and  it  remains  for  eacli  hog  raiser  to  pick  and  choose 
for  himself  as  his  judgment  dictates. 
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THE  CULTURE  AND  USES  OF  BROME-GRASS. 


UTTRODUCTION. 

It  is  the  piirpow  of  thi^^  biilletiTi  t(i  descri!>o  some  of  tlio  more  pen- 
enil  mctliod^  iiwd  in  tho  growing  ami  iitiiizalion  of  broiiie- grass  in 
the  wflions  wliL're  it  is  now  of  most  iniportancp,  and  not  to  discnss 
iii  <.'on!|)lt'l('  (Ictiiil  its  onltiiro  throughout  the  entire  United  States. 
While  tlie  nu'thotls  deseriljed  are  thor-e  employed  in  Xorth  Dakota, 
SonlU  Dakota,  and  the  Canadian  Xortliwest,  they  arc  also  appiicablc 
ill  gi-nenil  to  all  other  sections  where  this  fjrass  can  bo  grown.  The 
ireatnient  iriven  tlw  j-nbject  is  slifrhtly  inconsistent,  since  the  methods 
actually  practiceil  by  the  farmers  and  the  suggestions  and  conclu- 
si<nis  drawn  by  the  wriler  from  his  invcsligatioiis  arc  coTnlilned  in 
Huch  a  way  as  not  to  nnike  llicm  entirely  distinct.  It  is  hoiied,  how- 
ever, that  the  matter  will  in  this  form  be  of  more  assistance  to  those 
contemplating  Ihe  growing  of  the  grass  than  were  another  plan  of 
arrangement  followed. 

Bromo-grass  [liromim  iiiemih  Leyss.),  sometimes  called  smooth 
brome  or  Tliingarian  brome,  is  a  vigorous  perennial  grass,  jiosse^sing 
aggi"essive  underground  rootstocks  bv  which  it  propagates  readily. 
Ill  general,  it  grows  from  15  to  30  inches  high,  but  under  exception- 
ally favorably  conditions  it  attains  a  height  (if  4  feet  or  more.  The 
Heed  is  borne  in  an  oi>en  panicle  closely  resembling  that  of  the  well- 
known  chess,  or  cheat,  and  is  produced  abundantly.  (See  1*1.  I, 
fig.  1.)  Although  the  grass  is  inclined  to  mat  at  the  base,  the  entire 
stem  is  also  quite  leafy.     (See  PI.  I.  fig.  2.) 

Brome-grass  was  introduce*!  from  Europe  about  ISfiO  and  has  at- 
tained considerable  importance  in  Xorth  Dakota,  South  Dakota,  and 
the  Pacific  Northwest.  It  is  grown  in  this  country  to  some  extent. 
throughout  the  general  region  from  Kansat^  north  to  the  Canadian 
boundary  and  west  to  the  Pacific  coast,  but  its  importance  in  the 
timothy  and  clover  region  is  at  present  very  limited.  The  grass  is 
capable  of  withstanding  severe  cold  and  extended  pcrio<ls  of  drought, 
bnt  it  is  seriously  affected  by  heat,  and  consequently  can  not  be  grown 
successfully  south  of  the  southern  Iwundary  of  Kansas  except  at  high 
altitudes  or  under  otherwise  favorable  condition^     It  di^^'^}l|^ 
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a  variety  of  soils,  but  gives  best  results  on  soil  that  is  well  supplied 
with  humus.  It  can,  however,  be  grown  very  successfully  on  sandy 
or  gravelly  land. 

In  the  Dakotas  and. the  closely  adjacent  sections  bronie-grass  is 
of  more  importance  than  in  any  other  jwrtion  of  this  country.  It 
has  been  grown  in  this  region  for  twelve  or  fifteen  years,  but  is 
as  yet  not  so  widely  distributed  as  would  be  expected.  Improved 
methods  of  growing  alfalfa,  making  that  crop  more  certaiji,  are  in  a 
measure  responsible  for  the  comparatively  limited  use  of  brome- 
grass.  This  is  true  more  especially  in  South  Dakota  than  in  North 
Dakota.  In  sections  where  alfalfa  can  be  grown  brome-grass  can 
not  compete  witli  it  as  a  hay  crop.  In  the  more  humid  portion  of  the 
above-named  States  and  on  the  better  classes  of  soil  it  has  the  reputa- 
tion of  being  difficult  to  eradicate,  and,  whether  this  is  warranted  or 
not,  this  belief  has  a  decided  tendency  to  make  th&  grass  nnpopiihir 
in  such  sections.  For  the  above  reasons  and  because  tiiere  is  still  a 
considerable  quantity  of  native  hay  produced,  and  consequently  not 
such  a  pressing  demand  for  cultivated  grasses,  brome-grass  has  not 
attained  more  importance  than  is  the  case  at  present. 

KBTHODS   OF  CULTURE. 

PREPARATION    OF   THE    SEED   BED. 

For  the  preparation  of  the  seed  bed  it  is  the  common  practice  to 
plow  the  ground  as  early  as  possible  in  the^spring,  which  in  most  .sec- 
tions is  in  March  or  very  early  in  April.  It  is  then  pnt  into  condition 
for  Seeding  by  a  thorough  harrowing,  or  by  disking,  harrowing,  and 
rolling.  A  careful  preparaloiy  treatment  is  considered  essential  in 
the  seeming  of  a  good  stand  of  grass.  Some  successful  growers  favor 
fall  plowing,  since  this  puts  the  land  in  I)ettpr  condition  for  seeding 
in  the  spring.  IJrome-grass  follows  all  crops  with  practically  the 
&ame  results.  It  does  well  after  corn,  as  weli-cultivated  corn  ground 
is  usually  quite  free  from  weeds.  Wheat  and  oats,  however,  are  most 
commonly  the  preceding  crops. 


The  seed  is  usually  sown  during  the  first  part  of  April  or  as  soon  as 
the  weather  is  favorable,  which  may  bo  even  as  early  as  the  latter  part 
of  March.  One  bushel  (14  pounds)  to  the  acre  is  considered  by  most 
growers  to  l>e  a  sufficient  quantity  of  seed  to  produce  a  satisfactory 
stand,  and  good  results  are  often  obtained  with  10  to  12  pounds.  At 
the  Manitoba  experimental  farm  10  pounds  of  good  seed  is  recom- 
mende<l,  and  10  to  12  pounds  at  the  Saskatchewan  experimental  farm. 
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If  desired  for  pasture  alone,  it  iy  considered  well  to  sow  as  much  as 
20  to  25  ]>oundM  to  the  acre,  since  this  quantity  gives  a  stand  that  will 
make  good  grazing  sooner  after  sowing  than  a  light  seeding.  Heavy 
seeding  is  advised  for  sections  where  the  grass  is  being  introduced  or  , 
is  not  commonly  grown.  The  decrease  in  recent  years  in  the  quantity 
of  seed  sown  to  the  acre  is  due  to  the  fact  that  home-grown  seed  is 
iified  and  better  methods  are  employed  in  cleaning  and  sowing  it. 

Tiie  nmount  of  rainfall  in  any  section  usually  determines  whether 
the  seed  is  sown  with  or  without  a  nurse  crop.  In  general,  in  the 
ca.steni  half  of  the  Dakotas  a  nui-se  crop  is  used,  while  in  the  western 
part,  wheit;  the  rainfall  is  less,  the  grass  is  sown  alone.  Wheat,  oats, 
barley,  and  spelt  are  used  as  nurse  crops  and  are  usually  sown  at  the 
same  rate  as  when  sown  alone.  The  grass  seed  is  sometimes  mixed 
with  the  grain,  but  it  is  a  more  common  practice  to  drill  in  the  grain, 
sow  tlu4  grass  broadcast  afterwards,  and  cover  by  harrowing  across 
the  drills.  In  sowing  brome-grass  seed  with  grain  it  is  often  difficult 
to  prevent  it  from  being  covered  too  deeply,  which  usually  results  in 
an  uneven  stand.  Difficulty  is  also  often  experienced  in  getting  a 
mixture  of  grain  and  grass  seed  to  feed  evenly  through  the  drill. 

Even  in  the  more  humid  sections  of  the  Dakotas  there  is  some  dif- 
ference of  opinion  as  to  the  advisability  of  using  a  nurse  crop.  The 
l>e.st  argument,  in  favor  of  this  practice  is  that  returns  are  obtained 
from  land  which  otherwise  would  be  practically  idle  for  one  year,  as 
the  grass  yields  nothing  the  first  season,  even  though  sown  alone. 
Seeding  alone, -however,  usually  gives  a  better  stand,  except,  perhaps, 
on  Mwily  land,  in  which  case  a  nurse  crop  is  quite  effective  in  keeping 
down  tlie  weeds. 

In  the  less  humid  sections,  where  brome-grass  is  most  commonly 
sown  aloiie,  the  preparation  of  the  seed  bed  is  essentially  the  same  as 
in  cases  where  a  nurse  crop  is  used.  \Mien  the  seed  is  sown  with  a 
drill,  it  is  a  gooil  practice  to  harrow  afterwards,  as  this  treatment 
leaves  the  pround  in  a  better  condition  to  conserve  rnoisttire.  The 
only  objection  to  this  method  is  that  it  is  likely  to  cover  the  seed  too 
deeply. 

Where  fall  wheat  is  grown,  brome-grass  is  sometimes  sown  with  it. 
By,  the  time  the  wheat  is  cut  the  next  summer  the  gras'^  has  made  a 
gowl  gn)wtli,  aTul  a  heavy  crop  <if  hay  is  secured  the  year  following 
this.  Througliout  the'entire  brome-grass  region  there  is  Mime  fall 
sci'ding  done,  the  time  of  stvtling  varying  fi-om  July  to  Octolx'r. 

Whether  sown  in  the  spring  or  fall,  with  or  without  a  nurs<'  crop, 
hrome-grass  generally  does  not  make  a  very  vigorous  growth  and 
yields  practically  no  forage  or  seed  the  fiiNt  season.  When  sown 
alone  it  is  found  necessary  to  mow  the  grass  once  during  the  summer 
to  keep  down  the  weeds.     In  this  cast;  the  cutting  should  be  allowed 
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to  remain  on  the  ground.  Aside  from  this,  tlie  field  receives  no  at- 
tention and  in  most  cases  it  is  not  pastured  in  the  fall.  'When  grazed 
during  the  autumn  of  the  first  year  care  should  be  taken  to  avoid 
overpasturing. 

RENEWAL  OF   MEAIKUVS, 

Under  ordinary  conditions  a  meadow  of  brome-grass  will  remain 
productive  for  Ihrcc  or  four  years,  depen<l!ng  largely  on  the  kind  of 
f^oil  and  the  nature  of  the  treatment  which  it  receives.  Although  it 
has  been  grown  for  a  number  of  years  in  this  country,  there  has  been 
very  little  done  in  an  exi^orimentai  way  by  farmci-s  to  determine  the 
best  methods  of  renewing  old  meadows.  In  the  Canadian  Northwest 
more  attention  has  been  given  to  this  subject,  and  farmers  there  have 
obtained  very  good  results  by  their  methods. 

The  history  of  a  field  of  brome-gruss  is  in  general  as  follows: 
During  the  season  in  which  it  is  seeded  very  little  is  obtained  from 
it,  e,\c('|>t,  perhaps,  a  .small  amount  of  pasturage;  the  next  year  a 
very  fair  crop  of  hay  is  secured;  the  third  year,  a  maximum  crop; 
the  fourtli  year  the  yield  is  considerably  reduced;  and  following 
this  it  decreases  rapidly,  owing  to  the  meadow  becoming  what  is 
commonly  called  "  sod-bound."  As  before  stated,  the  decrease  in 
yield  after  the  third  year  depends  to  a  large  extent  on  the  kind  of  soil, 
since  on  heavy,  rich  soils  the  grass  usually  remains  pnHluetive  for  a 
longer  period.  The  character  of  the  season  also  is  thought  to  have 
an  effect  on  the  life  of  the  meadow,  and  some  farmers  are  of  the 
opinion  that  if  conditions  are  exceptionally  favorable  for  a  large  crop 
the  secOTid  year  the  grass  has  a  tendenc.y  to  diminish  in  yield  earlier 
than  if  an  ordinary  cn)p  was  produced  at  that  time. 

The  method  of  renewal  giving  best  results  in  the  Canadian 
Northwest  and  also  practiced  to  some  extent  in  llie  Dakotas  is  that  of 
shallow  breaking,  the.  time  of  year  deijcnding  largely  on  the  amount 
of  rainfall.  The  experimental  farm  at  Brandon,  Manitoba,  I'eeoni- 
mends  that  the  meadow  be  plowed  about  2  inches  deep  in  June  or 
early  July,  after  a  crop  of  hay  has  been  i-cnioved,  the  sod  being 
then  rolled  and  worked  down  thoroughly.  As  a  resnh  of  this  ti-eat- 
ment  a  good  crop  of  hay  is  secured  the  following  season.  Farther 
west,  in  Saskatchewan  and  in  the  drier  portions  of  the  Dakotas, 
hreakiiig  tlic  meadow  in  the  spring,  about  May,  gives  best  results. 
This  method  is  recommended  by  the  exi^erimental  farm  at  Indian 
Head,  Saskatchewan.  Satisfactory  results  have  l)een  obtained  in  the 
more  humid  sections  from  shallow-breaking  the  sod  in  the  spring 
and  putting  it  in  condition  for  a  light  seeding  of  grain,  oats  being 
fivquently  used.  If  thought  necessary,  (i  to  8  pounds  of  brome- 
grass  seed  is  added.  In  this  way  a  crop  of  grain  is  secured  the  same 
year,  and  a  good  crop  of  grass  the  next,  so  that  the  ground  is  not 


MIXTURES    OF    BROME-GRASS    WITH    OTHER    GRASSES.  / 

'  allowed  to  lie  idle.  Returns  are  of  course  obtained  from  the  land 
if  tlie  breaking  is  done  in  June  or  July  after  cutting  a  cmp  of  hay. 
In  the  drier  portions  wpring  plowing  is  neccMsarr,  but  since  grain  can 
not  1)0  sown  on  the  sod  no  returns  are  obtained  until  the  following 
year.  Good  results  are  sometimes  secured  fnmi  breaking  the  sod  in  . 
the  fall  and  sowing  oats  or  Komc  other  small  grain  in  tlic  spring. 
^Mien  this  is  done  the  grass  comes  on  for  a  full  crop  the  next  year. 
This  method,  however,  is  not  commonly  practiced. 

Disking  appears  to  give  better  results  in  the  himiid  than  in  the 
drier  sections,  but  in  general  it  can  hardly  be  said  fo  give  entire 
satisfaction.  Better  results  are  obtained  on  sandy  or  loose  soil  than 
on  a  heavy  soil  where  a  tough  sod  is  formed.  Farmers  who  have 
done  very  little  towartl  improving  their  meadows  are  commonly  of 
the  opinion  that  disking  is  an  effective  means  of  renewing  them,  but 
actual  experiments  indicate  that  the  value  of  this  treatment  is  con- 
siderably overrated.  Harrowing  with  n  drag  harrow  in  July  after 
tlie  hay  is  cut  has  proved  beneficial  in  some  instances. 

The  in-actice  of  applying  barnyard  manure  to  unproductive 
meadows  has  not  l)een  followed  to  any  great  extent,  and  under  pi-esent 
conditions  it  is  hardly  |)racticable.  Tlie  results  obtained  from  such 
treatment  have  not  been  very  definite,  and  in  some  cases  they  have 
been  quite  contradictory.  That  a  liberal  application  of  barnyard 
manure,  even  when  no  other  treatment  is  given,  will  materially  in- 
crease the  yield  of  hay  from  a  so-called  "  sod-bound  "  meadow  has 
been  proved  by  reliable  and  successful  farmers.  Rest  results  have 
l)een  obtained  by  applying  an  even  fop-dressing  early  in  the  spring 
before  the  grass  begins  to  grow.  Sheep  manure  has  iK'en  found  to  be 
very  beneficial. 

Hartliy  sufficient  evidence  has  been  obtained  to  warrant  definite 
statements  regarding  the  value  of  various  fertilizers.  Prof,  J,  H, 
Shepperd.  of  the  South  Dakota  Agricultural  Kxperiment  Station,  in 
the  season  of  1905  obtained  some  results  that  wore  very  favorable  to 
the  use  of  nitrate  of  soda.  At  the  ITighmore  station.  South  Dakota, 
exi)erimcnts  conducted  with  the  same  fertilizers  in  ISKKi  gave  rather 
■  indifferent  results.  The  data  available  on  the  subject  of  renewing 
meadows  by  either  barnyard  manure  or  commercial  fertilizers  are  so 
incomplete  and  the  practice  of  renewal  in  this  vrny  is  so  unusual 
that  it  is  not  considered  advisable  to  discuss  the  subject  further  at 
this  time. 

MIZTUKES  OF  BBOHE-OBAEIS  WITH  OTHEB  GRASSES. 

Some  attention  is  !«ing  given  to  mixtures  of  lirome-grass  with 
other  grasses,  and  very  good  results  are  being  obtained.    The  practice 
111— y 
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SO  far  is  very  limited,  and  the  proportions  of  tlie  differoiit  ( 

use  and  the  methods  of  handling  have  not  been  well  worked  out. 

At  present  timothy  seems  to  be  the  most  common  grass  used  in 
mixtures;  alfalfa,  red  clover,  slender  wheat-grass,  meadow  fescue, 
and  orchard  grass  are  also  nscd.  Grasses  and  clovers  are  mixed  with 
Bromus  hiei-inh  to  improve  the  quality  and  yield  of  forage  and,  for 
what  is  probably  of  more  importance,  to  prolong  the  period  of  pro- 
ductiveness by  keeping  the  brome-grass  from  becoming  sod-bound. 
Results  of  ex]»riments  to  determine  this  perio<l  have  so  far  l>een 
rather  iiulefinite.  It  is  jjrobable  that  the  sod-bonnd  condition  can  be 
delayed  for  a  short  while,  but  not  forany  great  length  of  time. 
Alfalfa  and  clover  are  of  value  also,  since  they  tend  to  maintain  the  pro- 
ductivity of  (he  soil,  and  where  thesi;  plants  are  mixed  with  brome- 
grass  they  can  Ix'  pastured  with  little  danger  to  stock  from  bloating. 

Timothy  lias  been  gn>wn  with  brome-grass  at  the  ^^anitoba  exjMri- 
ment  farm  with  very  g(X)d  results,  but  it  is  the  opinion  there  that  it  doe.s 
not  materially  increase  the  life  of  a  meadow  and  that  the  bmnie-grass 
eventually  crowds  it  out.  This  mixture  is  quite  commonly  grown 
tlirougliont  Manitoba.  Mixtures  have  l)ecn  tried  on  the  c'xi>criment 
farm  at  Indian  Head,  Saskatchewan,  and  one  composed  of  7  pounds 
of  BromiiH  inermiK  and  T  pounds  of  slender  wheat-grass  {.Vgr-opyron 
teiienim.)  has  given  good  results.  A  meadow  t»f  this  mixture  after 
having  been  doKii  for  six  years  without  renewing  still  remained  pro- 
ductive, yielding  two  tons  of  hay  to  the  acre.  Tn  the  Dakotas  experi- 
ments are  iM'ing  conducted  with  alfalfa  and  !>romo-grass,  and  there 
is  a  probability  of  the  combination  coming  into  general  use  where 
alfalfa  can  Im?  successfully  grown.  Mixtures  with  orchard  grass  and 
meadow  fos<ue  have  given  indications  of  bi'ing  worthy  of  attention. 
Tn  all  permanent  inixtui-es  the  quantity  of  hroine-grass  si-ed  u-;e<l 
should  l)e  smaller  than  the  sum  of  the  other  constituents,  as  brome- 
grass  has  a  tendency  to  crowd  out  the  other  gi'usses. 

USES  AND  VALUE, 


Althongli  grown  as  a  general -purpose  grass.  Bromiix  inermtn  Is 
much  better  adaptc<l  for  um'  as  pasture  tliiiLi  for  hay,  on  account  of 
ils  tendency  to  fiurn  a  turf.  It  furnishes  a  large  quantity  of  pala- 
lidile  pa-itunige.  anil  is  specially  vahiid)le  because  it  can  Ix'  grazed 
early  in  the  spring  and  late  in  the  fall,  and  nn!e-s  the  season  is  unfavor- 
able it  fiirnishe:.  a  cimsidci-alilc  iiniount  of  feed  during  the  summer. 
Where  it  is  now  being  grown  there  are  no  grasses  Ihat  <'an  equal  it 
for  pastnn-  <iii  .sindy  land,  as  it  not  oidy  pn.du.rs  well  on  such  soil, 
but  forms  a  sod  that  with^tal)ds  tiiim|)ling  and  is  not  easily  pulled  up 
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by  stock.  This  is  an  important  feature,  especially  where  sheep  are 
grazed.  Even  after  the  grass  has  become  sod-bound  and  produces 
only  light  yields  of  hay  it  can  still  be  pastured  profitably  for  two  or 
three  years.  While  it  is  impossible  at  the  present  time  to  secure 
definite  data  in  regard  to  the  currying  capacity  of  Bromun  iiiermia 
pastures,  it  can  1)«  conservatively  stated  that  both  in  favorable  and 
unfavorable  seasons  they  furnish  more  grazing  in  the  western  part 
of  the  Dakotas  than  the  native  grasses  and  more  in  the  eastern  part 
than  Kentucky  bluegrass. 


Brome-grass  is  not  an  ideal  hay  grass,  although  for  two  or  throe 
years  after  sowing  it  gives  a  sati-sfactory  yield  of  a  very  good  quality 
of  hay.  On  rich  land  the  yield  is  better  tlian  the  averag<*  for  stand- 
ard grasses,  and  the  quality  is  good.  (See  PI.  II,  fig.  1.)  It  is 
generally  agreed  that  the  best  stage  at  which  to  cut  brome-grass  for 
hay  is  just  after  it  has  passed  full  bloom  and  is  in  the  condition 
known  as  the  '"purple,"  The  practice  is,  however,  quite  elastic  in 
this  respect,  as  the  grass  makes  haj'  of  good  quality  when  cut  either 
before  or  after  this  stage.  No  definite  feeding  experiments  have  as 
yet  been  conducted  to  determine  the  value  of  brome-grass  hay  in 
comparison  with  other  standard  hays  or  fodder,  but  gonernl  experi- 
ence indicates  that  it  is  almost,  if  not  quite,  equal  to  timothy  for 
<'attle  (esi)eciallY  dairy  cows),  for  horses  not  at  work,  and  for  sheep. 
^Alien  properly  cured  it  is  very  palatable  and  is  relished  by  all 
clas.ses  of  stork,  but  on  account  of  its  laxative  properties  it  can  not 
be  recommended  as  a  feed  for  livery  horses  or  hordes  at  hard  work. 

Different  writers  in  discussing  brome-grass  disagree  in  regard  to 
its  nutritive  value  as  compared  with  a  standard  grass  such  as  timothy. 
Chemical  analyses  disagree  also,  and  it  is  difficult  to  compare  these 
gras'ie.s.  since  the  samples  have  been  taken  at  different  stages  of 
maturity  and  also  under  otherwise  different  coiiditioii-^.  The  average 
of  analyses  given  in  Bulletin  .W  of  the  Iowa  Agricultural  Kxperi- 
ment  Station  shows  water-free  samples  of  Broniitx  i'iktiiui  to  con- 
tain 3.48  per  cent  of  fat  and  14.14  per  cent  of  protein.  an<l  samples 
of  timothy  under  the  same  conditions  to  contain  4.R3  i)cr  cent  of  fat 
and  12.27  per  cent  of  protein.  These  aualysei  indicate  that  the 
gras.sfs  are  near  enough  alike  to  be  of  equal  feeding  value.  The 
verdict  of  the  feeder,  however,  is  in  mo'^t  cases  to  be  taken  in  prefer- 
ence to  that  of  the  chemi't.  and  it  is  doubtful  whether  brome-gi'uss 
will  ever  be  considered  quite  equal  to  timothy  as  feed  for  stock. 

Brome-grass  is  usually  ready  to  cut  for  hay  from  the  lust  of  June 
until  the  20th  of  July,  depending  on  the  locality.  lAlien  conditions 
are  favorable,  it  is  possible  to  secure  two  cuttings,  the  first  about 
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the  last  of  June  or  early  in  July,  and  the  second  in  September.  The 
securing  of  two  crops  depends  almost  entirely  on  the  amount  of 
moisture  and  very  little  on  the  latitude,  since  in  eastern  Manitoba  two 
ai-e  fi-efjuently  obtained.  Except  under  irrigation,  only  one  cutting  can 
usually  l)e  secured  in  the  western  part  of  the  Dakotas  or  at  the  same 
longitude  in  Canada.  The  first  cutting  yields  more  and  is  of  much  the 
Iietter  quality,  Tlie  second  cutting,  although  nearly  as  tall  as  the 
first  when  out,  consists  mostly  of  leaves  and  makes  very  light  hay. 

The  hay  docs  not  cure  as  easily  as  timothy  and  darkens  rapidly  if 
allowed  to  get  wet.  Although  this  makes  it  tmsalable,  its  feeding 
value  is  not  seriously  impaired.  Even  when  projierly  cured,  how- 
ever, the  hay  is  of  darker  color  than  timothy. 

Stacking  is  done  with  the  ordinary  hay-making  machinery,  and 
when  put  up  with  reasonable  care  the  stacks  shed  water  well  and  will 
keep  for  two  years  in  excellent  condition,  with  but  a  small  quantity  of 
damaged  hay  on  the  outside.     (See  PI.  II,  fig.  2.) 

As  previously  stated,  in  the  third  season  of  growth  the  maximum 
yield  is  usually  secured.  After  two  crops  are  obtained  llie  yield 
rapidly  diminishes.  The  average  yield  for  the  tijne  the  meadow  is 
profitable,  which  is  three  or  four  years,  may  lie  conservatively  esti- 
mated at  IJ  tons  per  acre.  This  is  the  estimated  average  yield  for 
the  entire  region.  On  good  .soil  and  under  favorable  conditions  yields 
as  high  as  3  to  +  tons  are  not  uncommon,  especially  when  two  cut- 
tings a  year  can  be  secured. 

Bronie-grass  hay  is  very  little  known  on  the  city  market  and  the 
demand  for  it  is  entirely  local.  It  commands  a  goo<l  price  in  sec- 
tions where  it  is  grown,  and  ordinarily  sells  for  $2  to  $;i  a  ton  more 
than  native  wild  hay  and  for  about  the  same  jtrice  us  timothy. 


Tliere  is  a  considerable  quantity  of  brome-grass  seed  prodnced 
throughout  the  entire  region  under  discussion,  although  it  is  grown 
to  the  largest  extent  in  the  eastern  part  of  the  Dakotns,  in  ^Manitoba, 
and  in  eastern  Saskatchewan.  The  growing  of  seed  in  large  quanti- 
ties seems  to  have  lieen  more  of  an  industry  a  few  j'cai-s  ago  than  it  is 
at  the  pre^(•nt  time.  If  should  not  lie  inferred  from  this  that  the 
total  quantity  prodnced  is  not  as  great  as  heretofore,  but  that  farm- 
ers are  growing  i!  less  for  wholesale  maiket  and  more  for  local  use, 
making  its  production  more  generally  distributed.  Whether  there  is 
actually  less  produced  it  is  difficult  to  state;  there  is  certainly  less 
imported  than  fonnerly.  There  are  many  farmers  who  have  in  the 
past  grown  100  acres,  and  even  much  more,  for  seed  who  at  the  pres- 
ent time  are  raising  little  more  than  enough  for  their  own  use. 
Ill— y 
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Fig.  1— a  Field  of  BnoME-GR*ss  tN  North  Dakota. 


Fig.  2.— Stacking  Brome-Grass  in  North  Dakota. 
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The  seed  is  mature  and  ready  to  cut  from  July  10  to  August  1,  and 
the  stage  of  maturity  in  commonly  termed  tlie  "brown"  to  distin- 
guish it  from  the  "  purple,"  or  the  stage  when  the  grass  is  cut  for  hay. 
Harvesting  the  seed  is  a  comparatively  easy  matter  and  differs  very 
little  from  the  harvesting  of  ordinary  cereals.  The  binder  and  the 
header  are  both  used,  but  the  former  is  the  most  generally  employed. 
^\lien  the  binder  is  used  the  grass  is  usually  cut  as  high  as  possible 
and  the  bundles  pnt  in  long  shocks  to  facilitate  curing.  They  arc 
allowed  to  remain  in  shocks  until  thrashed.  When  the  grass  can  be 
cut  sufficiently  high  a  croj)  of  hay  is  obtained  from  the  stubble  as  soon 
as  possible  after  the  seed  is  removed.  This  hay  is  of  ver^-  fair  quality, 
as  it  contains  a  large  quantity  of  green  leaves. 

While  the  binder  is  most  commonly  used  in  harvesting,  heading 
appeal's  to  be  the  best  method.  When  if  is  iised.  almost  all  of  the 
grass  is  left  for  hay.  wliich  makes  quite  an  additional  yield  from  the 
meadow.  After  heading,  the  seed  is  put  up  in  well-built  shocks  for 
curing,  and  is  usually  left  there  from  ten  days  to  two  weeks  or  even 
longer.  If  conditions  are  esceplionally  favorable,  it  is  possible  to 
thrash  directly  from  the  header  box.  This  is  not  fretiuently  done, 
since  the  thrashing  machines  are  not  usually  ready  at  that  time  of  , 
the  year.  The  stubble  is  cut  for  hay  as  soon  as  possible  after  head- 
ing, and  yields  on  an  average  about  a  ton  to  llie  acre. 

Occasionally  the  grass  is  cut  with  a  mowing  macliine  and  put  in 
ordinary  stacks  for  thrashing.  This  method  is  not  considered 
desirable  on  account  of  the  waste  an<l  difficulty  in  handling. 


Brome-grass  is  thrashed  with  the  ordinary  machine  having  special 
riddles  and  with  the  wind  shut  off  from  the  fan  to  prevent  the  seed 
from  blowing  over.  Difficulty  is  often  met  with  in  getting  the 
cleaned  seed  to  elevate  properly  in  the  machine,  and  in  many  cases 
the  elevator  is  removed  and  the  seed  delivered  from  the  spout  at  the 
bottom  of  the  separator.  The  seed  is  likely  to  contain  a  great 
amoimt  of  chaff  and  broken  pieces  of  straw  after  thrashing.  This 
trash  is  sometimes  quite  difficult  to  separate  from  the  seed,  and  it  is 
necessary  to  run  if  through  a  fanning  mill.  By  withdrawing  the 
bundles  from  the  cylinder  after  tlic  heads  liave  been  thrashed,  the 
seed  is  kept  compnrati^'cly  free  from  straw  and  chaff.  This  method 
involves  much  work  and  is  hardly  practicable  where  a  large  quantity 
is  to  be  thrashed. 
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The  yield  of  seed  is  so  variable,- depending  on  the  climate,  soil,  lay 
of  the  meadow,  and  other  factors,  that  it  is  difficult  to  estimate  the 
average  quantity  produced  to  the  acre.  From  2')0  to  3,")0  pounds  is, 
however,  a  conservative  estimate.  Kecords  of  the  Saskatchewan 
experimental  farm  show  the  yield  of  brome-grass  seed  there  to  range 
from  250  to  fiOO  jwunds.  Exi>eriments  conducted  at  the  Manitoba  ex- 
perimental farm  indicate  that  tlie  harvesting  of  a  mature  crop  of  seed 
materially  lessens  the  yield  of  either  hay  or  seed  the  following  year. 

On  account  of  the  close  sod  formed  by  the  graps  after  the  first  year 
there  are  very  few  weeds  present  in  the  fields,  and  consequently  the 
seed  wlien  Iiarvested  in  practically  free  from  impurities  and  in  very  few 
cases  are  there  seeds  of  any  other  grasses  in  it.  There  is  occasionally 
a  very  small  amount  of  seed  of  the  grain  used  as  a  nurse  crop  and  a 
trace  of  cheat  (Bromiis  secoUnns)  and  slender  wheat-grass  (Affro- 
pi/ron  frueriim).  The  seeds  of  Bromim  hierm/'s  are  verj'  similar  to 
those  of  tlie  al>ove  species,  the  .seeds  of  chess,  especially,  often  Ijeing 
mistaken  for  broine-grass  seeds.     (See  PI.  III.) 


MTien  cut  with  a  binder,  the  straw  after  thrasliing  is  generally 
stacked  and  used  for  feed.  The  quality  varies  largely  with  the 
height  at  which  the  grass  is  cut.  the  length  of  time  it  stands  in  the 
shock,  and  the  care  with  which  it  is  stacked  after  thrashing.  If  all 
these  conditions  are  favorable,  brome-prass  straw  is  about  equal  to 
oat  straw.  At  any  rate,  it  makes  very  fair  feed  for  wintering  cattle. 
horses,  and  sheep. 

USE   IN  ROTATION. 

One  of  the  objections  which  farmers  have  to  brome-gras«  is  that 
it  is  comparatively  short  lived  and  will  not  remain  pn)ductive  for 
hay  in  n  meadow  more  than  thfee  or  four  years.  This  objection  is 
not  serious  from  tlie  stnnd|X)iiit  of  crop  rotation,  but.  on  the  other 
hand,  is  slightly  advantageous,  since  there  is  a  general  tendency  to 
gn)w  one  cro])  on  a  field  for  too  htng  a  period.  Bi-omux  hicrDih. 
however,  i<  not  looked  upon  by  farmers  as  a  valuable  constituent  in 
■A  cnq)  rotation.  This  is  due  to  tlie  fact  that  it  is  considered  difficult 
to  eradicate,  and  when  ordinary  methods  are  employed  it  talies  alxiuf 
two  years  to  get  it  nut  of  the  field.^  Farmers  desire  something  that 
can  be  dis])osed  of  easily  in  one  year  or  with  one  phiwing.  and  con- 
sequently are  favoring  slender  wlieat-grass  (Af/i-fijii/i-on  teneium) , 
which  is  now  coming  into  popularity  on  this  account. 
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MISCELLANEOUS    USES.  13 

PBEFABATION    OF    BBOUE-OILASS    KEADOWS    FOB    OTBEB    CROPS. 

The  breaking  up  of  a  brome-grass  meadow  and  the  preparation  for 
other  crops  is  a  very  tinportant  matter.  It  has  been  found  at  the 
Manitoba  e.\i>eri mental  farm  that  plowing  the  sod  after  a  crop  of  hay 
has  been  cut  and  the  aftermath  has  made  a  growth  of  '4  or  4  inches 
gives  very  satisfactory  results.  The  plowing  may  be  done  the  latter 
part  of  June  or  the  first  of  July  and  the  sod  back-set  either  in  the 
fall  or  early  in  the  spring  and  put  in  condition  for  wheat  or  other 
grains  by  disking  and  harrowing.  If  the  aftermath  is  allowed  to 
grow  to  tile  extent  above  indicated,  it  as.sists  very  materially  in  rotting 
the  sod  and  also  supplies  additional  humu.s.  When  the  breaking  is 
done  immediately  after  a  crop  of  hay  or  seed  is  harvested,  the  sod  does 
not  rot  well,  esjx'cially  if  the  season  is  dry,  and  consequently  the 
ground  is  in  ptwr  condition  for  a  crop  the  following  spring. 

A  method  which  has  been  found  to  be  practicable,  at  least  in  the 
eastern  portion  of  the  Dakotas,  is  to  break  early  in  the  spring  after 
the  grass  gets  a  good  start,  then  disk  and  roll  thoroughly,  and  in  June 
sow  to  flax  at  the  rate  of  about  half  a  bushel  to  the  acre.  In  this  case, 
unless  the  flax  makes  a  good  stand  there  will  be  some  danger  of  the 
brome-grass  making  a  sufficient  growth  to  become  ti-oublesome. 
^Miere  flax  is  a  successful  crop,  if  can  follow  brome-grass  to  gtmil  ad- 
vantage. Xo  matter  what  method  is  iiracticed,  the  grass  is  likely  to 
give  trouble  the  first  season  on  account  of  its  persistence,  but  if  prop- 
erly handled  will  not  be  a  serious  menace.  It  is  necessary  in  the  drier 
.sections  to  break  the  sod  when  the  moisture  conditions  are  favorable, 
whether  in  fall  t>r  spring,  as  it  is  very  difficult  to  break  and  does  not 
rot  readily.  On  afcouni  of  the  laller  fact  the  sod  reciuires  consider- 
able working  in  tlie  .sections  of  low  rainfall. 

HISCEI.L&NEOIIS  USES. 

The  aggressive  natnie  of  brome-grass  fits  it  for  certain  uses  and 
situations  for  wliicli  the  common  standard  grasses  ai*e  not  adapted. 
It  is  very  valuable  for  putting  heavy  new  land  in  condition  for  other 
crops.  The  rich  heavy  soil  of  river  bottoms,  which  are  frequently 
covered  with  a  dense  .growth  of  weeds  and  brush,  may  be  put  in  good 
condition  by  seeding  heavily  after  clearing  and  plowing.  At  the  end 
of  two  years  the  gi-ass  comes  on  to  the  exclusion  of  the  weeds  and 
makes  an  excellent  hay  meadow. 

There  are  certain  classes  of  soil  that  after  having  !>een  plowed  for 
five  or  six  years  liecomo  very  loose  and  blow  liadly  and  are  in  ]«)or 
mechanical  condition  for  ordinary  crops.  When  lii-oi/i'm  iiiermin  is 
grown  on  such  land  for  a  few  yeai-s  it  adds  a  sufficient  amount  of 
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humus  to  the  soil  to  return  it  to  good  condition.     The  grass  is  also 
very  valuable  for  preventing  sandy  land  from  blowing. 

Ilromc-grass  is  im  excellent  crop  for  combating  such  weeds  as  fox- 
tail, or  squirrel-tail  {Tlorilcum  juhutum),  and  on  moist  land,  where 
the  latter. flourishes,  (he  fomier  excludes  it  v^t\  cfl^octually. 

THE  AOIIICTTI.TUXIAI.  XiXTENSION  OF  BBOHE-GRASS. 

Little  has  been  done  in  the  matter  of  extending  the  growing  of 
Bromiis  inci-mlK  farther  east  at  tlit'  same  latitude  as  its  present  region- 
Experiments  tliat  have  boon  conducted  with  it  in  various  sections  east 
of  Minnesota  and  north  of  Kansas  indicate  (hat  it  is  ^¥or(lly  of  exten- 
sion. It  will  doubtless  prove  valuable  on  sandy  soil  in  Wisconsin, 
Xew  Yorii,  and  Sew  England,  hut  will  probably  l)e  of  use  mostly  as 
a  pasture  grass  and  in  mixtures  with  other  grasses.  In  parts  of  Ohio, 
West  Virginia,  Pennsylvania,  Maryland,  and  Virginia  where  lested 
it  has  shown  considerable  promise.  South  of  these  States  it  is  of 
questionable  value. 

Brome-grass  should  Ijc  given  a  thorough  test  as  a  sand-binding 
grass  along  the  Eakes  and  near  the  seacoasl,  as  its  extensive  rw)t 
system  and  ils  ability  to  thrive  on  sandy  land  make  it  well  adapted 
to  suc-Ii  situations.  Some  very  striking  results  have  been  ()b(ained 
with  it  on  sandy  soil  on  the  upper  pe:iinsula  of  Jlichigan,  Under 
similar  conditions  in  Wiscimsin  its  value,  especially  as  a  pasture 
gras.s,  has  been  quite  Ihoiwigldy  demonstrated.  In  these  States  it  is 
said  to  be  at  least  ten  days  earlier  for  pasture  in  the  spring  than  the 
oi-dinaiT  .standard  gras-si's. 

^Miife  the  thorough  testing  of  brome-grass  by  farmers  in  the  States 
mentioned  is  strongly  urged,  its  use  on  a  large  scale  is  not  considered 
•advisable  until  its  value  as  compareil  with  the  standard  grasses  com- 
monly grown  in  these  States  has  been  more  definitely  demonstrated. 

sumcART. 

Brome-grass  {Bromus  inci'niit)  is  at  piv^ent  of  most  importance 
in  the  Dakotas  and  si>ctions  adjoining  these  States,  but  is  grown  to 
.some  extent  thi-oughout  the  general  region  from  Kansas  nortb_to  the 
Canadian  boundary  and  west  to  the  Pacific  coast.  Its  importance 
in  the  timothy  region  is  as  yet  very  limited. 

It  is  the  connnon  practice  to  sow  the  seed  in  the  spring  about  the 
1st  of  April,  or  as  soon  as  the  weather  is  favorable.  One  bushel  of 
14  pounds  is  considered  a  sufficient  quantity  to  produce  a  satisfactory 
stand,  and  go(Kl  i-esults  are  obtained  with  10  to  V2  poun<ls.  Heavier 
seeding  is  recommended  in  sections  wliei-e  the  grass  is  being  tested  or 
where  it  is  intended  for  pasture  alone. 
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SUMMARY.  15 

Under  ordinary  conditions  a  brome-grass  meadow  i-cmaiiiH  produc- 
tive from  throe  to  four  j'earH,  after  which  it  becomeji  what  i;^  com- 
monly called  "  sod-bound."  The  meadow  can  be  successfully  renewed 
by  breaking  the  sod  lightly,  the  time  of  breaking  dei^nding  largely 
on  the  annual  rainfall. 

Mixtures  of  brome-grass  with  other  grasses  and  clovers  have 
proved  very  satisfactory  as  far  as  they  have  been  tried.  Timothy, 
slender  wheat-grass,  orchard  grass,  meadow  fescue,  alfalfa,  and  red 
clover  are  used  in  these  mixtures. 

Brome-grass  is  a  valuable  general -purpose  gi'ass,  but  is  much  better 
adapted  for  use  as  pasture  than  fwr  hay,  as  it  f  uniislies  a  large  amount 
of  grazing,  especially  in  the  spring  and  late  in  the  autumn.  The  yield 
of  hay  which  it  pro<luces  is  good  and  the  quality  very  satisfactory. 

The  seed  habit  of  brome-gniss  is  good,  which  makes  it  c<mipara- 
tively  easy  to  harvest  and  thrash.  Average  yields  of  about  300 
pounds  to  the  acre  are  obtained. 

In  crop  rotation  bi-ome-grass  Uas-not  a.'i  yet  become  well  esiahlislied, 
and  by  some  it  is  looked  upon  rather  unfavorably  on  account  of  being 
somewhat  difficult  to  gel  out  of  the  land,  flood  crops,  however,  are 
raised  after  it,  and  it  adds  a  considerable  amount  of  humus  to  the  soil. 

It  is  often  difficult  to  prepare  brome-grass  sod  for  succeeding  crops, 
8.4  it  docs  not  rot  readily,  iiud  for  this  i-easou  it  is  necessary  to  l)ackset 
after  breaking.     The  tii.ie  of  breaking  depends  on  the  rainfall. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Aoeicultube, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  May  £4,  1907. 

Sm:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  aa  Bulletin  No.  112  of  the  series  of  this  Bureau,  the 
accompanying  technical  manuscript  entitled  "The  Use  of  Suprarenal 
Glands  in  the  Physiological  Testing  of  Drug  Plants."  This  paper  was 
prepared  by  Dr.  Albert  C.  Crawford,  Pharmacologist  in  Drug-Plant 
Investigations,  as  one  of  a  series  of  publications  on  the  subject  of 
drug  testing,  and  has  been  submitted  by  Dr.  Rodney  H.  True, 
Physiologist  in  Charge,  with  a  view  to  its  publication. 

This  paper  ia  preliminary  to  a  consideration  of  the  subject  of  the 
testing  of  ergot,  one  of  the  most  valuable  and  variable  of  vegetable 
drugs.  It  has  been  proposed  by  recent  investigators  that  the  most 
acceptable  means  of  measuring  the  activity  of  ei^ot  is  to  standardize  it 
against  a  known  preparation  of  the  active  principle  of  the  suprarenal 
glands.  In  order,  therefore,  to  enable  us  to  carry  out  the  ergot  teat, 
the  presentation  of  a  means  of  standardizing  the  active  principle  of 
suprarenal  glands  is  a  preliminary  step. 

Among  the  great  advance  steps  taken  by  medicine  in  later  years, 
the  attempt  to  bring  medicinal  agents  to  a  known  and,  when  possible, 
uniform  standard  of  action  is  one  of  the  most  important.  Many 
drugs  are  now  standardized  by  chemical  methods  and  can  be  adniin- 
istered  by  the  physician  in  full  confidence  that  his  remedy  is  capable 
of  exerting  the  desired  degree  of  action.  In  the  case  of  others  in 
which  the  active  principles  are  not  as  yet  known  or  in  which  the 
principle  will  not  admit  of  isolation,  testing  by  physiological  means 
has  come  to  be  recognized  as  a  prime  necessity.  Since  this  phase  of 
drug  investigations  is  still  young,  a  considerable  diversity  in  methods 
exists.  It  is  hoped  that  this  paper,  which  treats  of  methods  of 
testing  the  active  principle  of  suprarenal  glands,  may  contribute 
toward  greater  uniformity  in  this  important  matter  and  make  more 
generally  available  than  is  now  the  case  the  essentials  of  an  important 
means  whereby  physioli^y  may  serve  medicine. 
Respectfully, 

B.  T.  Galloway, 

Chiff  of  Bureau, 
Hon.  Jaues  Wilson, 

SecreUiry  of  Agriculture. 
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THE  USE  OF  SUPRARENAL  GLANDS  IN  THE 

PHYSIOLOGICAL  TESTING  OF 

DRUG  PLANTS. 


UTTBODTJCTION. 

It  has  long  been  recognized  that  many  of  the  important  phfu-msr 
copceal  prepwations  can  not  be  accm-ateiy  standardized  by  any 
known  chemical  processes,  so  that  for  this  purpose  physiological 
methods  have  been  employed." 

There  have  been  some  Inquiries  as  to  where  information  concerning 
this  subject  could  be  obtained,  and  as  most  of  the  data  occur  in 
sources  which  are  not  usually  accessible  it  was  deemed  wise  to  abstract 
this  literature  and  present  the  methods  in  some  detail.  It  must  be 
remembered  that  as  our  knowledge  increases  these  tests  are  sure  to 
suffer  change,  a  fate  which  has  been  the  lot  of  chemical  assay  proc- 
esses. A  few  years  ago  gravimetric  assay  methods  were  used  almost 
entirely,  but  now  only  when  titration  methods  are  unavailable. 
These  methods  have  become  an  essential  to  all  analytical  pharma- 
ceutical laboratories,  and  thousands  of  dollars  are  spent  every  year 
in  this  country  for  carrying  out  these  tests. 

While  often  mechanically  simple  in  their  execution  they  require 
considerable  experience  to  interpret  them  properly,  and  for  this 
reason  some  of  the  large  drug  firms  err  in  employing  inexperienced 
persons  to  perform  them. 

These  tests  can  be  used  not  only  with  preparations  in  which  the 
active  principle  is  little  known,  but  also  to  control  chemical  processes 
where  the  active  principle  is  well  recognized.  Thus  the  writer  has 
controlled  the  assay  for  atropin  by  noting  the  minimum  quantity 
necessary  to  cause  dilatation  of  the  pupil  and  standardizing  this  with 
a  known  solution  of  atropin. 

"SlandardiKation  oi  phannacoiitical  prrparalions.  Bril.  &lc>d.  Jour.,  viil.  2,  p.  5B;!. 
1906. 

Digitized  bvCoO^IC 


O  SUPRARENAL   GLANDS. 

No  one  would  now  think  of  using  any  of  the  aconitins  in  medicine 
without  first  determining  their  toxicity,  whatever  the  result  of  the 
chemical  assay. 

Robert  has  called  attention  to  this  increased  importance  of  the 
pharmacologist  and  has  claimed  that  these  tests  should  be  an  essential 
for  all  medico-legal  cases,  and  he  has  shown  that  the  physiological 
test  may  respond  where  the  chemical  one  is  not  sufficiently  delicate." 

Certain  simple  physiological  tests,  such  as  the  dilatation  of  the  pupil 
with  atropin,  the  production  of  a  tingling  sensation  in  the  tongue  by 
aconite,  and  the  correct  tasting  of  preparations,  have  been  recognized 
by  the  Pharmacopceia,  and  the  testing  of  diphtheria  antitoxin  has 
at  last  obtained  recognition.* 

It  must  be  remembered  that  animals  respond  differently  according 
to  various  conditions.  Thus  Dixon'  has  cited  .the  influence  of  cere- 
bral development  in  animals  as  influencing  the  response  to  cocain,  as 
follows : 


Rabhlt 

Ouioea  pig.. 
Pigeon 


Dow  oi  co- 


Various  other  illustrations  could  be  given,  so  that  the  animals  in 
most  cases  should  correspond  as  nearly  as  possible  in  species,  sex,  age, 
and  weight. 

SUFRABENAL  GLANDS. 

SEPARATION    OF    THE   ACTIVE    PRINCIPLE. 

Attention  was  recently  called  to  the  marked  blood-pressure-raising 
properties  of  the  suprarenal  glands  in  the  work  of  Oliver  an<l  Schaefer,'* 

o  Kobert,  R.     Uoher  d.   Bedcutung  d.  biologisch.  Gittiiachwcis  f.  d.  gerichrl.  Med. 

Ber.  A.  Dcutsrh.  Pharm.  Gosclle..  vol.  13,  p.  325.  1903, 
Scholtz,   K.     Wertbeatimraung  d,  JequirilalB  u.  d.  Jequiritol-Heilspruma  durcli 

Tierexperiraenle.    Arch.  t.  AugenhRilkunde,  vol.  55,  p.  209, 190C. 
6  Otto.  R.    DieslaatlirliePrtifunff  d.  Upilsera.    Arlieil.  n.  d,  Konigl.  Inst  it  ut  I.  Eipcr. 

Therapie  ?..  Frankfurt.  1906. 
r  Dixim.  W.  E.    Bio-ch(>mi<^lgtfiiidardi7.ation  of  drugs.    Pharm.  Jour.,  vol,  75.  p.  156, 

1905. 
d  Oliver,  G,,  and  Schaetcr,  E.  A.     Phj'8iol<^ical  ofterta  of  extracia  of  suprarenal  cap- 

PulcB.     Jour.  Physiol.,  vol.  18.  p.  230,  1895. 
On  the  physiological  action  of  cKtracI  of  the  BUprareiial  rapsulpf<.     Proc.  Pliysiol. 

Soc.p.i.Jtiur.  Physiol.,  vol.  16,  1894;  Proe.  Physiol.  Soc.,  p.  ix,Jour.  Physiol., 

vol.  17,  ]8iM-!*5. 
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SEPABiTION   OK   ACTIVE   PRINCIPLE.  9 

and  later  by  Cybulski,  Szymonowicz,  Boruttau,  and  others,"  Vul- 
pian  **  had  in  1856  notfid  the  presence  in  them  of  certain  principles 
giving  peculiar  color  reactions,  and  from  this  time  these  color  reactions 
were  beheved  to  be  due  to  the  presence  of  pyrocatechin  or  a  derivative 
of  it.' 

The  chemical  work — at  least  that  which  has  been  done  in  this  coun- 
try— has  been  carried  out  mainly  from  the  influence  of  Professor 
Abel's  laboratory.  Abel  himself  isolated  a  body  to  which  he  gave 
the  name  epinephrin,  and  calculat«d  the  empirical  formula  to  be 
CitHijNO,,  but  he  was  compelled  to  change  this  to  CioHuNO,  by  the 
withdrawal  of  one  benzoyl  group,  and  later  to  C,„H,jNO,iH,0.'' 

"  Szymonowicz,  L.    Di«  Functiond.  Nebenniere.    Arch.  f.  Gueam.  Physiol.,  vol.  04, 
p.  97,  1896. 
Boruttau,  II,     ErfEkhmng.  ttbcrd.  Kebennicren.     Arch.  f.  GcAam.  Physiol,,  vol.  78, 
p.  97,  1899. 
b  Vulpian,  A.     Note  but  quclques  reactiomi  propres  it  la  suiwtance  dee  capsulea  Burrt- 
nales.    Comp.  Rend.  Af-ad.  des  Sci.,  vol.  43,  p.  6B3,  1856. 
Cloez,  S.,  and  Vulpian,  A.     Nolo  but  I'existence  di's  acides  hippuriquc  ct  choli^ique 
dane  Iw  capeulos  Biirrt^naleii  den  animaux  liiTblvorcs.     Coinp.  Ucnd.  Acad,  deti 
Sci.,  vol.  45,  p.  340,  1857. 
*  Knikenbei^,  C.  F.  \V.    Die  farbigen  Derivate  der  Nehennierenchromogene.    Arch. 
f.  Palh.  Anat.,  vol.  101.  p.  542,  1885. 
Brunner,  H.    Zur  <'heinio  d.  L<:«ithinc  u.  d.  Brenzcatcchina,  Bcstandtheile  der 

Nebennieren.     Schweiz.  Worh.  f.  Chdm.  u.  Pharm..  vol.  .10,  p.  121.  1892. 
Mttblmann,  M.     Zur  Phyaiologi*  d*^t  Nobenniorc.     Deulsch.  Med.  Woch.,  vol.  22, 

p.  409,  189G. 
Fraenkel,  S.     Beitr,  z.  Physiol,  u.  physiol.  Chemie  d.  Nebenniere,     Wien.  Med. 
Blfilter,  vol.  19.  pp.  211.  228,  246,  ISM. 
^Abel,  J.  J.,  and  <'rawtord,  A.  C.     On  the  blooil-pr«Bure- raising  constituent  of  the 
suprarenal  capsule.     Johns  Hopkins  Uuspital  Bui.,  vol.  8,  p.  151,  1897. 
Abel.   J.   J.     Ueber   den   blutdruckerregenden   BcBlandtheil   d.    Nebenniere,    das 
Epinephrin.     Zeita.  f.  Physiol.  Chemie,  vol.  28.  p.  318,  1809. 
Further  observations  on  epinephrin.     Johns  Hopkins  Hoeiiital  Bui.,  vol.  12,  p.  80, 

1901. 
On  epinephrin  and  its  compounds.     Amer.  Jour.  Phann.,  vol.  75,  p.  301,  1901!. 
Weitero  Mittheil.  0.  d.  Epinephrin.    Ber.  d.  Deutsch.  Chem.  Gcsella.,  vol.  36, 

p.  1839,  1903. 
The  function  ol  the  euprarenal  glands.     Contrib.  to  Med.  Research,  dedicated  to 

V.  C.  Vaughan,  1903,  p.  138. 
On  the  phenylcarhaimc  eatcni  of  epinephrin.     Proc.  Amer.  Physiol.  Soc.,  1899, 

p.  xvii,  Amer.  Jour.  Physiol.,  vol.  3,  1900. 
On  a  simple  method  of  preparing  epinephrin  and  its  compounds.    Johns  Hopkins 
Hospital  Bui.,  vol.  13,  p.  29,  1902. 
Abel.  J.  J.,  and  Taveau,  B.  de  M.    On  the  decomposition  products  of  epinephrin 

hydrate.    Jour.  Biol.  Chem.,  vol.  1.  p.  1,  1905. 
Nors. — Full  literature  on  the  euprarenals  may  be  found  in  Mailer,  S.,  Kritiwh- 
eiper.  Beitr.  z.  Wirkung  d.  Nebennierenentraktes,  Difinert.,  Berlin,  190fi. 
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10  SUPRARENAL   GLANDS. 

Von  Furth  "  obtained  a  principle  which  he  named  suprarenin  and 
gave  the  formula  CjHgNOj  or  CjH,NOi,  but  later  changed  this  to 
C,H„NO,. 

Takamine*  simplified  the  method  of  isolation  and  made  it  commer- 
cially available,  giving  his  preparation  the  name  adrenalin,  with  the 
formula  CiJI.eNO,. 

Simultaneous  with  Takamine's  paper,  Aldrich,  Abel's  former  asso- 
ciate, published  his  results'  His  body  was  evidently  much  purer  than 
Takamine's,  as  he  purified  before  precipitating,  but  his  method 
was  not  commercially  available  on  account  of  the  necessarj'  puri- 
fication from  the  lead.  Aldrich  adopted  Takamine's  name  adrenalin, 
although  his  formula  CaH„NOj  differed  by  C'll,  from  that  of  Taka- 
mine. These  two  preparations  are  often  confused.  Aldrich  pointed 
out  that  if  the  benzoyl  group  was  removed  from  Alwl's  original 
formula,  the  resultant  formula  was  close  to  his.  All  three  investi- 
gators— Abel,  Takamine,  and  Aldrich — were  dealing  with  the  same 
body,  but  in  varying  degrees  of  purity. 

Abel  has  compared  the  analytical  data  furnished  by  Aldrich  and 
Takamine,  and  declares  that  the  analyses  do  not  bear  out  the  empir- 
ical formulte  deduced.  ■'  The  formula  of  Aldrich  has  been  corrobo- 
rated by  Bertrand  in  France, '  and  adopted  by  Pauly,  von  Furth,  Stolz, 
Abderhalden,  and  Bergell,  in  Germany/  The  two  latter  investiga- 
tors used  Abel's  purification  method,  but  came  to  different  conclu- 

0  Von  Forth,  O.    ZurKenntniwid.  birnzkati^chinahnlieh.  SiihstaiiK  in  d.  Nebenni^ri-n. 

Zeita.  1.  Physiol.  Chemk-,  vol.  24.  p.  142,   1898;  vol.  2(1.  j),  15,  1898-99;  vol.  29, 

p.  105,  1900, 

Zur  Kt'nntiiiss  des Siipraronina.    Beitr,  e.  Chora.  Ph>-n.  u.  Palh..  vol.  I,  p. 243, 1902. 

ZuT  Kenntuirts  ili>s  Suprarcnius  (Adrenalins).     Sitz.  d,  KalstTl.  Akad.  d.  \Vif»(.'n. 

Wicn.  Math.-natur.  Kl.,  vol.  112.  pt.  3,  1903. 
Zur  KenntnitiB  dc9  Suprarcniiia  (Adrenalin.'').     Mun:i(H.  f.  ('hem.,  vol.  24,  pp.  2(il' 
290.  1903. 
A  Takamine.  J.     Adrenalin,  the  active  principle  gf  the  Buprarenal  glaiida.     Amer.  Jour. 
Pharm.,  vol.  73,  p.  52:1,  1901. 
The  blood -juvwaurc- raising  principle  ut  the  Hiipran'nal  glands.     Tlieraji.  Ciar..  v<il. 
25,  p.  221,  1901. 
«  Aldrich,   T.  IJ.     Preliminary  re)nirt  im  tlie  aetive  jirineiple  uf  the  suprarenal  gland. 
Amer.  Jour.  Physiol.,  vol.  5,  p.  457,  1901. 
Adrenalin,  the  arlivi;   principle  ot   the  pupmrenal   glaniln.     Jour.  Amer.  ('hem. 
Sot.,  vol.  27,  p.  1074,  1905. 
<•  Abel,  J.  J.      On  epineplirin  and  its  ei impounds.     Amer.  Jour.  Pharm..  vol.  75,  p.  309, 

1903. 
<  Bertrand,  G.     Sur  la  eompusition  chimiqiie  et  la  tormule  de  I'adn^naline.     Comp. 

Rend.  Aead.  d.  Sri.,  vol.  139,  p.  502,  1904. 
/Pauly,  U.     Zur  Kenntnissdes  Adrenalins.     Ber. d. Deulseh.  ('hem.  GesullB.,  vol.36, 
pi.  3,  p.  2944,  190:t;  vol.  37,  pt.  2,  p.  138S,  1904. 
Aklerlialden,  ('..and  Bergell,  P.     Zur  Kenntui«.d.  Kpineiilirins.     Her.  d.  Deutsch. 
('hem.  Pt^'lU.,  vol.  37,  pt.  2,  p.  2022,  1904. 
Uelwrfl.  Epinephrin.     MQnch.  Med.  \V(«.-h.,  vol.  51,  p.  UXXl.  1904. 
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sions  from  Abel.  It  was  also  adopted  by  Jowett  and  by  Barger  and 
Gwins  in  England. "  These  latter  authors  are  especially  emphatic  in 
support  of  Aldrich's  formula.  These  differences  in  results  have  not 
yet  been  finally  adjusted.*  The  difficulty  may  be  due  to  the  fact 
that  there  is  in  adrenalin  a  series  of  chemically  similar  bodies,"  as  it  is 
well  known  that  blood-presaure-raising  properties  and  the  chemical 
reactions  shown  by  adrenalin  are  given  by  other  pyrocatechin 
derivatives.'' 

The  active  principle  resides  largely  in  the  medullary  portion  of  the 
suprarenal  glandij,  although  the  cortex  also  contains  some.'  Accessory 
suprarenal  glands  which  are  found  in  various  portions  of  the  abdom- 
inal cavity  also  contain  principles  having  blood-pressure-raising 
properties.  Blood-pressure-raising  principles  are  also  claimed  to 
be  present  in  other  oi^ans,  pituitary  bodies,  etcV 

o  Jowett,  H.  A.  D.  The  constilulion  of  epincplirin.  Jour.  Chem.  Soc.  TraiiB.,  vol,  85, 
p.  192,  1904. 
Baiter, G.,  and  Ewina,  A.  J.  Not*!  on  the  molecular  wpightot  cpinophrin.  Chem. 
News,  vol.93,  p,  90, 1906. 
HoTB. — For  a  review  of  thc-relation  of  the  early  chemical  workers,  see  Mahen,  T., 
Adrenalin:  the  active  principle  of  the  suprarenal  gland,  in  Pliann.  Jour.,  1907, 
p.  3S8.  A  reply  to  Maben  is  found  in  Martin,  W.,  Epinephrin  or  adrenalin,  in 
Pharm.  Jour.,  1907,  p.  447. 

6  Aldrich,  T.  B.     Is  adrenalin  the  active  prineiplc  c)I  the  suprarenal  gland?    Amer. 
Jour.  Physiol.,  vol.  7,  p.  359,  1902. 

=  Halle,  W.  h.  Ueher  d.  Bildui^  d.  Adrenalins  im  OrganiBmua.  Beitt.  z.  Chem. 
Physiol,  u.  Pathol.,  vol.  8,  p.  277,  1906. 
Elliott,  T.  Action  of  adrenalin.  Jour.  Physiol.,  vol.  32,  p.4G2,  1905.  Elliott  writes 
as  follows:  "By  bubbling  oxygen  through  adn<nalin  solution  (Parke-Davis' a 
0.1%  HCl  B<Jution,  diluted  to  1:2,000  and  exactly  neutralised  with  Na,rO,)  I 
obtained  a  brown  liquid  which  contained  no  adrenalin,  but  was  fairly  potent  to 
cause  vaso-constriction.  In  this  respect  it  had  one-twcntielh  ol  the  power  of 
adrenalin.  But  even  4  c.  c.  of  the  solution,  which  corretipond  to  an  original 
content  of  2  mgm.  adrenalin,  and  in  respei'1  <if  ability  to  raiw  blood  pressure 
to  0.1  mgnl.  of  adrenalin,  caused  no  movemenls  of  iris  or  nictitating  membrane. 
In  the  same  test  cat  0,03  mgm,  adrenalin  gave  maximal  rise  of  hlood  pressure  and 
typi<i>l  eye  movements.  Fc)ur  c.  c,  of  the  oxydised  solution  were  llien  inje<'tpd 
beneath  the  skin  of  a  rabbit,  and  caused  neither  glyc(ipurianc)r  prosl  ration." 
Moore  B.,  and  Purington,  0.  On  the  chromogen  of  the  suprarenal  me<lulla.  Proc. 
Amer.  Physiol.  Soc.,  1899,  p.  xvi;  Amer.  Jour.  Physiol.,  vol.  3,  1900. 

d  Dakin,  H.  D.     On  the  physiological  activity  of  sul>stances  indirectly  ri'lated  to  adre- 
nalin.    Proc.  Royal  Soc.  I,ondon,  ser.  B,  vol.  7li,  p.  498,  1905. 

'  Salvioli,  I.,  and  Pezzulini,  P.     Sur  le  different  mode  d'agir  des  extraits  m^dullaire 
et  cortical  des  capsnles  surr^nales.     Arch,  Ital,  de  Biol,  vol,  37,  p.  380,  1902. 

/Schmid,  J.    Ueberd.  blutdruckstcigemde  Subetanz  d.  Xiere.    Med,  Klinik,  1906, 
p.  976. 
Livon,  C,     S6cr*tions  internes:  fi land es  hypertensives,     Comp.  Rend,  Hebd.  Soc. 

do  Biol.,  vol.  50,  p.  98, 1898. 
Brown,  O,  H,,  and  Joseph,  D.  R.     Bffec(«  of  intravenous  injeelions  of  extracts  of 
the  bone  marrow.    Amer.  Jour.  Physiol.,  vol,  10,  p,  110,  1906. 
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12  SUPRARENAL   GLAKD3. 

COLOR    TESTS. 

Adrenalin  is  described  as  a  microcrystalline  powder  which  possesses 
basic  properties  and  acts  as  a  reducing  agent.  Strictly  speaking,  this 
body  can  not  be  classed  with  tlie  alkaloids. 

Freshly  prepared  solutions  are  colorless,  but  become  rose  colored 
under  the  influence  of  light  and  air,  especially  in  dilute  solutions. 
After  long  standing  these  solutions  Anally  become  brown  and  lose 
their  activity.  This  oxidation  especially  occurs  in  an  alkaline  medium, 
so  that  commercial  solutions  are  usually  made  acid.  ** 

The  active  principle  when  in  solution  gives  a  green  color  on  the 
adilition  of  ferric  chlorid.  This  green  passes  into  a  purple  and  finally 
into  a  carmine  on  the  addition  of  ammonia.  A  dilute  solution  of 
iodin  turns  adrenalin  solution  to  a  rose  color. 

This  production  of  a  green  color  with  ferric  chlorid  has  been  utilized 
by  Battelli  ^  as  a  method  of  estimating  the  amount  of  active  principle 
present.  The  formation  of  this  color  is,  however,  influenced  by  acidity 
and  appears  badly  in  very  acid  solutions  ,'  but  the  main  diiBculty 
with  this  method  is  that  the  delicate  green  is  hard  to  recognize  in  great 
dilution. 

Cameron  ''states  that  this  is  a  rough  method  for  assaying  solutions 
of  over  1-40.000  and  that  it  fails  for  brown  or  solutions  more  dilute 
than  1-40,000. 

Von  Fiirth'  has  also  proposed  a  color  test  with  iron  chlorid,  sodium 
carbonate,  and  potassium  sodium-tartrate,  but  this  does  not  offer  any 
advantages  and  is  subject  to  the  same  criticism  as  other  color  reactions. 

Abelous,  Soulifi,  and  Toujan'  have  proposed  using  the  iodin  reac- 
tion for  the  same  purpose,  judging  not  by  the  amount  of  iodin  used 
but  by  the  sha<le  of  rose  color  produced.     This  is  ascertained  by  con- 

*>  Livon,  C.    Action  den  vieillcs  solutJODS  <!' adrenaline.     Comp.  ReDd.  Hebd.  Soc.  do 
Biol.,  vol.  1,  p.  125,  1901. 
Baltelli,  F.    Transtitrmation  de  I'adr^naline  "in  vitro."    Oorap.  Reod.  Hcbd.  Soc. 
de  Biol.,  vol.  54,  p.  1435,  1902. 
b  Battflli,  F.    Dosage  coloiim^trique  de  la  substance  active  Am  capsulea  RurT^nalea. 

Comp.  Rend.  Hel>d.  Soc.  de  Biol.,  vol.  54,  p.  571,  1902. 
c  Bouliid,  R.|  and  Fayol.     Sur  le  d(i«age   colorim^trique   de   radrfnaline.     Corap, 

Rend.  Hebd.  Sot.  de  Biol,,  vol.  55,  p.  358,  1903. 
"•C'umcTon,  I,  D.    On  the  methoilBot  eUndardising  suprarenal  preparations.    Proc. 

Roy.  Soc.  Edinburgh,  vol.  2(i,  p.  157, 1906. 
'  Von  FQrlh.  O.    Zur  Kenntnisa  der  brenzcatechinShrlich.  Suhelani  d.  Nebcnnieren. 
Zeits.  f.  Physiol,  t'hem.,  vol.  29.  p.  115,  1900. 
Zur  Ki'nntnisB  des  Suprarenlns.     Beitr.  z.  Chem.  Physiol,  ii.  Path.,  vol.  1,  p.  244, 
1902. 
/Abcloua,  J.  E.,  Souli^,  A.,  and  Toiijan.  G.     Dotage  colorimi^trique  par  I'iode  do 
I'adr^mtline.     Comp.  Rend.  Hebd.  Soc.  de  Biol.,  vol.  1,  p.  301, 1905. 
Sui  un  pmcftld  <lc  oontrdle  des  dosages  chimiqut;  et  physiologique  de  I'adr^naline. 
romp.  Rend.  Hebd.  Soc.  de  Biol.,  vol.  60,  p.  174, 1906. 
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trasting  it  with  a  standard  solution  of  adrenalin  freshly  prepared 
which  has  also  been  treated  with  iodin.  By  this  method  they  elaim 
that  the  suprarenal  glands  (sheep)  contain  1.47-  mg.  in  every  gram, 
while  they  state  that  Batelli  by  his  method  found  1 .45  mg." 

Details  of  this  method  can  be  found  in  English  in  C.  E.  Yande- 
kleed's  "Method  for  the  preparation  of  the  active  principle  of  the 
suprarenal  gland"  (Pharmaceutical  Era,  1906,  vol.  36,  p.  478). 

PRINCIPAL    PHYSIOLOGICAL   TESTS. 

Touj'an,'  one  of  the  originators  of  the  iodin  color  test,  states 
that  the  physiological  response  is  more  delicate  than  the  chemical, 
although  he  objects  to  the  former  as  being  too  inconstant  for  vigorous 
results.  One  of  the  difficulties  with  color  reactions  as  a  quantitative 
test  is  the  fact  that  nothing  is  known  as  to  whether  in  decomposition 
of  the  active  principle  the  change  in  color  reactions  runs  parallel 
with  the  loss  in  blood-pressure-raising  properties;  in  fact,  the  evi- 
dence rather  makes  this  doubtful.  Battelli  claims  that  certain  supra- 
renal glands  on  removal  from  the  body  lose  their  reaction  to  iron 
chlorid,  but  retain  their  blood-pressure-raising  properties.'  When 
injected  into  the  vein  of  an  animal  an  extract  of  these  glands  or 
a  solution  of  the  active  principle  will  cause  a  marked  rise  in  the 
general  blood  pressure  associated  with  a  temporary  slowing  of  the 
heart,  owing  to  an  action  on  the  vagus  centers,  but  if  the  vagi  are 
cut  or  atropin  is  given  before  the  injection  of  the  suprarenal  prep- 
aration, instead  of  the  cardiac  slowing  there  will  be  a  marked, 
acceleration  of  the  heart  beats  and  the  maximum  blood  pressure 
effect  will  be  obtained.''  This  rise  in  blood  pressure  is  mainly  due 
to  a  local  action  on  the  small  blood  vessels,  or  rather  on  the  sym- 
pathetic nerve  terminals  in  their  walls.'  In  fact,  Elliott  considers 
that  a  "positive  reaction  with  adrenalin  is  a  trustworthy  proof  of 
the  existence   and    nature  of  sympathetic  nerves  in  any  organ." 

oCompard  Battelli.  F..  and  Omittcin,  S.    La  su; 
point  de  vue  de  leur  richesHe  en  adrena 
Biol.,  vol.  ei,  p.  677,  1906. 
6  Toujan,  G.     Recherches  exp^r.  but  1 'adrenaline.    Th^se,  Toulouse,  1905,  p.  40. 
'Ornstein,  S,    Suppl^anre  des  capsules  surr^nalee.    Th^e,  Geneve,  190fi,  p.  12. 
J  Elliott,  T.  R.    Action  of  adrenalin.    Jour.  Physiol.,  vol.  32,  p.  447,  1906. 
Mathieu,  X.    Action  de  rsdr^naline  sur  le  coeur.    Jour,  de  Phyniol.  et  de  Path. 

Gen.,  vol.  6.  p.  436.  1904. 
Kahn,  B.  H.    Beob.  Ulwr  d.  Wirkung  d.  Nebennierenentrectes,    Arch.  f.  Anat.  u. 

PhyBiol..  Physiol.  Ablhpil.,  1903,  p,  622. 
Pluraier,  L.    Action  de  I'adrfnaline  but  le  circulation  cardiopulmonsire.    Jour,  de 
Physiol.  Pt  de  Path.  Gen.,  vol.  6,  p.  656,  1904. 
(  Brodie,  T.  G.,  and  Dixon,  W.  E.     Contributions  to  the  physiology  of  the  lunge. 
Jour.  Physiol.,  vol.  30,  p.  476,  1904. 
See  also  von  Frey.    Beitr.  z.  Kenntniss  d.  Adrenalinwirkuog.    Sttzb.  d.  Fhys.  Med. 
Gesells.  z.  WOrxbuig,  1906,  p.  43:60.  ^--  i 
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Besides  this  action  on  the  sympathetic  nerve  terminala  there  is 
some  action  on  the  heart  itself." 


The  action  on  the  small  blood  vessels  is  well  shown  by  dropping 
a  dilute  solution  into  the  conjunctival  sac  of  an  animal,  when  the 
conjunptiva  becomes  pale  and  bloodless  and  the  pupil  dilates.^ 
This  action  on  the  conjunctiva  occurs  even  after  the  use  of  solutions 
as  dilute  as  1-120,000.  The  action  on  the  pupil  of  the  excised  frog 
eye  has  been  advocated  by  Ehrmann*  as  a  method  for  determining 
the  amount  of  active  principle  present  in  unknown  solutions,  but 
the  objection  to  this  method  is  the  difficulty  in  exactly  measuring  the 
size  of  the  pupil  and  the  uncertainty  as  to  absorption  through 
the  eye  membranes.  In  Ehrmann's  hands,  0.000025  mg.  could  be 
thus  determined  with  certainty,  although  0.0000001  gram  produced 
a  distinct  dilatation,  while  0,00000005  gram  was  inactive.  Cameron's 
results  with  this  method  were  unsatisfactory. 


A  second  method  of  showing  this  vaso-constrictor  action  is  by  per- 
fusion of  the  blood  vessels  in  frogs,  Lawen''  has  obtained  a  response 
showing  a  decided  constriction  of  the  vessels  with  0.2  per  million 
adrenalin,  but  the  method  is  tedious  and  frogs  vary  much  in  their 
response.  Cameron  obtained  a  feeble  reaction  with  0.1  per  million. 
Details  of  this  method  may  be  found  in  English  in  Cameron's  paper. 
Meyer'  placed  sections  of  the  beef  subclavian  arteries  in  Ringer's 
solution  with  the  addition  of  adrenalin.  He  found  that  most  of  them 
responded  with  under  1-100,000,000,  but  not  all.  With  increasing 
amounts  of  adrenalin  the  contraction  was  greater — usually  1-50,000 

•1  Gottlieb,  R.     U<^berd.  Wirkungd.  Ncbennicrenextracte  auf  Herz  u.   Blutdruck. 

Arch.  I.  Eip.  Path.,  vol.  38,  p.  99,  1897. 
b  Meltzer,  S.  J,,  and  Auer,  K,  M.     Ucber  d.  Einfluss  d.  N'(?bcnnierenextnkt«B  &uf  d. 
Pupille  d.  FtoBchefl.     Cont.  f.  Physiol.,  vol.  18,  p.  317,  1904. 
Kahn,  R.  H,    Uthcr  d,  BecinfluEsung  d.  Augfndnickcs  durch  Exlraklc  chromafli- 

nen  Gewebis  (Adronalin).     Zent.  t.  Physiol.,  vol.  20,  p.  33,  1906. 

Lewandowsky,  M.     Uchcr  d.  Wirk.  d.  Kebennierencxlractw  auf  d.  glat.  Muskeln, 

im  bemmd.  dew  Ai^os.     Arch.  f.  Anal.  u.  Ph>-8.,  Physiol.  Ahthpil.,  1899,  p.  360. 

"  Ehrmann,  R.    Ucber  t-'ine  physiol.  Werlhbeslimmung  dea  Adrenaline.    Arch.  t. 

Exppr.  Path.  u.  Pliarmakol.,  vol.  53,  p.  97,  1905. 

Ziir   Physiol,    u.    experiment.   Path,    dcr   Adrenal insekretion.     Arch.   I.    Eicp. 

Path.  u.  PharraakoL,  vol.  55,  p.  39,  1906. 
TJobtT  die  Wirkung  dw  AdrenalinB  auf  die  HautdrQaeneekretion  dea  Proechee. 
Arch.  f.  Exp-  Path.  u.  Pharmakol.,  vol.  53,  p.  137,  1905. 
dL&wen,  A.     Quanlilalive  Untprauchungcn  Qbcr  d.  Gr^ieswirkung  von  Suprarenin. 

Aroh.  I.  Exp.  Path.  u.  Pharmakol.,  vol.  51,  p.  422,  1901. 
'Meyer,  0.  It.    Uclx-r  einige  Eigenachaft.  d.  GefikSBinuakulatur,    ZeiXa.  t.  Biol,,  vol. 
48,  p.  365,  1906. 
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gave  the  maximum,  although  some  gave  the  maximum  contraction 
with  1-100,000.  This  method  has  not  yet  been  controlled  as  a  quan- 
titative procedure  by  any  other  observer,  but  deserves  investigation. 

Various  synthetic  adrenalins  have  been  made,  but  while  many  give 
the  chemical  reactions  of  this  body  yet  they  do  not  have  its  physio- 
logical action."  Others  have  almost  the  same  blood-preseure-raising 
properties  as  adrenalin.  Thus  the  compound  made  by  Dakin* 
caused  a  definite  rise  in  blood  pressure  in  rabbits  with  cut  vagi,  when 
injected  in  doses  of  0.000001  gram. 

The  field  of  usefulness  for  the  suprarenal  glands  in  therapy  is 
increasing,'  but  these  preparations  are  being  used  almost  with  reck- 
lessness. Reports  of  toxic  symptoms  and  secondary  hemorrhage 
following  their  use  are  now  appearing."* 

In  the  case  of  animals  it  has  been  shown  that  the  repeated  intra- 
venous injections  of  small  doses  of  adrenalio  will  cause  changes  in  the 
heart  muscle  (myocarditis)'  and  degeneration  of  the  arterial  walls 
resembling,  if  not  identical  with,  arterio-sclerosis. 

D'Amato^  has  made  the  interesting  observation  that  arterial 
d^eneration  occurs  from  repeated  use  of  small  doses  of  suprarenal 

"BargcT,  G.,  and  Jowett,  H.  A.  D.     Synthi-sia  of  Bubstanri'H  alliod   to  cpinophrin. 
Jour.  Chem.  Soc.  Trana.,  vol.  87,  pi.  2,  p.  907,  1905. 
Stolz,  F,    Ueber  Adrenalin  und  AlkylaminoacetobrensicalC'ohin.   Ber.  d.  DfutMh. 

Chcm.  Geselln.,  vol.  37,  pt.  4,  p.  4H9,  1906. 
Friedman,  E.     KonBliliition   di-a  Adrynalina,     Byitr.  e.  Chem.  Physiol,  u.  Path., 

■vt.1.  8,  p.  95,  19(Hl. 
Locwi,  O.,  and  Meyer,  H,    Ueber  d.  Wirkung  synthelischcr  deni  Adrenalin  ver- 
wandter  SUiffe.     Arch.  t.  Exp.  Path.  u.  Pharmakol.,  vid.  53,  p.  213,  1905, 
6  Dakin,  H.  D.     Synthesis  of  a  Bubstanco  allied  to  adrenalin.     Proc.  Riiy.  Soe.  Lon- 
dnn,  Ber.  B,  vol.  76,  p.  491,  1905. 
On  the  phydioli^cal  aelivilyof  HubHtances  indirectly  related  to  adrenalin.     Proc. 
Roy.  Soc.  London,  ser.  B,  vol.  70,  p.  498.  1905. 
e  KreuzIuchB.  S.    Einige  Erfahrung.  (Il>er  innere  Adrenalindarreirhung.    Wicn.  Med, 
Pr«8Be,  vol.  41.  p.  922,  1906. 
Oppenhcim,  R..  and  Loeper,  M.     La  m6dicatioi)  Burr^nale.     Paris.  1904. 
d  Burnett,  C.  H.     ResuUe  of  a  miHtake  in  putting  up  it  prescriplion  for  adrenalin 
chloride  lo  be  used  as  a  nasal  spray.     Internal.  Clinic,  vol.  4,  p.  2o,  1902. 
Roberts,  L.  M.     Antidote  for  suprari'nul  preparations.     Jour.  Amer.  Med.  Assoc. 

vol.  47,  p.  2159,  190U. 
Potts,  B.  n.     Danger  from  the  eari-lesu  use  of  the  alkaloid  of  the  suprarenal  gland. 
Jour.  Amer.  Med.  Assoc.,  vol.  47,  p.  1188,  1906. 
'Pearce.R.M.     Experimental niyocarditw:  Astudyof  thehiBtologicalclianges  follow- 
ing intravenous  inlections  of  adrenalin.     Jour.  ExptT.  Med.,  vol.  8,  p.  400, 
1906. 
'D'Amato,  L.     Weitete  Untersuch.  Qber  d.  von  den  Nebenni  ere  next  rakt<'n   bewirk- 
ten  Vcrfindenmp'n  d.  Blulgefiisw.     Berl.  Klin.  Wo<>h.,  1906.  pp.  1100.  1131. 
Elliott,  T.  R.,  and  Durham,  H.  E.    On  subcutaneouH  injectionBof  adrenalin.    Jour. 
Physiol.,  vol.  34,  p.  498,  1906. 

Note.— Data  on  the  effects  on  the  urinary  secretion  can  bo  found  in  Bardier.  B., 
and  Frenkel,  U.,  Action  de  I'exlrait  capsiilairi'  sur  la  diurtW  et  la  circulation 
r^nale,  Jour,  do  Physiol,  et  de  Path.  Gfn.,  vol.  1,  p.  950, 
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preparations  by  mouth,  which  by  this  method  of  adrrlinistration  fail 
to  produce  any  rise  in  blood  pressure.  Metabolic  changes,  shown  by 
the  presence  of  glycosuria,  and  histological  changes,  especially  in  th<! 
involuntary  muscle  fibers  of  the  stomach  and  intestine,  and  changes 
in  the  liver  cells  have  been  noted  in  experimental  work  on  animals,'' 
so  that  it  becomes  imperative  to  exercise  mora  care  in  the  use  of  these 
preparations  and  to  determine  accurately  the  amount  of  the  active 
principle  used. 


At  present  the  most  satisfactory  method  of  standardizing  these 
preparations  is  by  measuring  the  actual  rise  in  blood  pressure  which 
follows  the  intravenous  injection  into  animals  of  definite  amounts 
of  a  solution  of  the  pure  active  principle  and  comparing  this  rise 
with  that  produced  by  the  same  amount  of  the  solution  to  be  t«sted. 
The  method  is  based  on  the  fact  that  in  the  same  animal  the  same 
amount  of  the  active  principle  will  produce  the  same  rise  in  blood 
pressure,  provided  the  conditions  are  unaltered."  The  vagi  nerves 
should  first  be  cut  or  atropin  injected  to  secure  the  full  pressor 
effects  of  the  injection.     These  measurements  are  usually  made  by 

"Blum,  F.     NebennierendiabetCM.     Deularh.  Arch.  Klin.  Med.,  vol.  71,  p.  146,1901. 
Loeper,  M.,anil  Crouton, O.     L'artion  de  I'adr^nalinc  snr  \o  sang.     Arch,  d,  KM. 

Exp^r.,  vol.  16,  p.  83,  1904. 
Paton,  D.  N.     Effect  dI  adrenalin  on  sugar  and  nitrt^n  picretion  in  the  urine  of  birds. 

Jour.  Physiol.,  vol.  32,  p.  59,  1905. 
Citron,  J.     Ueberd.  durch  Suprarcnin  experiment,  erzeugt.  Verandeningen.     Zeils. 

f.  Exper.  Path.  u.  Ther.,  vol.  1,  p.  649,  1905. 
Drummond,  W.  B.     HiflAlt^ical  changes  produced  by  tlie  injection  of  adrenalin 

chloride.    Jour.  Physiol.,  vol.  31,  p.  81, 1904, 
Brb,W.     Exper.  u.  hiatol.  Stadicn  Qber  Arleriencrkrankung  nach  Adrenal  in  in  jec- 

tionen.    Arch.  f.  Exp.  Path.  u.  Pharmakol.,  vol.  53,  p.  173,  1906, 
Horter,  C  A.,  and  Richardd,  A.  N.     Note  on  the  glycosuria  following  experimental 

injections  of  adrenalin.    Med.  News,  vol.  80,  p.  201, 1902, 
Wolownik,  B,    Exper.  UntHrsueh.  iiberd.  Adrenalin,    Arch.  f.  Path.  Anat.,  vol.  180, 

p.  225,  1905, 
Papadia,  G.     ArterioBclcrosi  da  adrenalina.     B«v.di  Pat.  Norv.,  vol.  11,  p.  113, 1906. 

[Contains  bibliography.] 
Biland,  J.     Uoberd.  durch  NcbcnnierenpraparategcaetztenGefiiBs-  und  Organvoriin- 

derungen.     Deulsch.  Arch.  t.  Klin.  Med,,  vol,  87,  p,  413,  1906, 
( Houghton,  E.  M.     Phamiaciilugic  assay  of  preparations  of  llic  suprarenal  glands, 

Anier,  Jour.  Pharm,,  vol.  73,  p.  531,  I90I;  National  Standard  Dispensatory,  Ilarc, 

Caspari,  and  Rusby,  1905,  p.  1732. 
Phannaculugj-  of  the  suprarenal  gland  and  a  method  of  assaying  its  product*.     Jour. 

Amor.  Mod.  Assoc,  vol.  38,  p.  150, 1902.    [A  solution  of  1-10,000  was  used.) 
Franz,  F.    Aus  exper.  Arbeiten    iiber  Adrcfialin,  seine  physiol,    Werthbcetim- 

mung  u.  Bi'ino  Wirkung.     Sammelrelerat.  Med.  Klioik,  1907,  p.  99. 
Battelli,  M.  F.     Quantity   d'adrfnalinc   exislant   dans  les  capsules  surr^nales  do 

riiomme.     Compt.  Bend.  Hebd.  Soc.  de  Biol.,  vol.  54,  p.  1205, 1902. 
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means  of  the  mercury  manometer  recording  on  the  drum  of  a 
kymograph. 

Animals  preferred. — Dogs,  on  account  of  their  greater  resisting 
powers  and  their  closer  resemblance  to  man  in  responding  to  drugs, 
are  usually  preferred  for  this  class  of  work,  although  rabbits  are  very 
serviceable.     Cats  are  not  so  sensitive  but  are  preferred  by  Elliott. 

Prindpal  reference  literature. — Details  regarding  the  preparation  of 
the  animal  as  to  the  mechanical  carrying  out  of  the  experiment  can  be 
found  in  Essentials  of  Experimental  Physiology,  by  T.  G.  Brodie,  1898, 
p.  168;  Klein,  Burton-Sanderson,  and  Brunton,  Handbook  for  the 
Physiological  Laboratory;  T.  Sollmann,  Textbook  of  Pharmacology, 
2d  ed.,  1906,  pt.  3;  Pembry,  Beddard,  Edkins,  Hill,  McJjeod,  and 
Pembry,  Practical  Physiology;  E.  Cyon,  Methodik  der  physiolo- 
gischen  Experiment*  und  Vivisection;  O.  Langendorff,  Physiolo- 
giache  Graphik;  Edmunds  and  Cushny,  Laboratory  Guide  in  Experi- 
mental Pharmacoli^y;  Hermann,  Experimental  Pharmacolc^ty;  H. 
C.  Wood,  jr.,  Description  of  the  Methods  of  Investigating  the  Action 
of  Drugs,  International  Clinic,  vol.  4,  p.  12,  1902;  D'Arsonval, 
Gabriel,  Chaveau,  and  Marey,  Trait4  de  Physique  Biologique;  R. 
Tigerstedt,  Lehrbuch  der  Physiologic  des  Kreislaufes. 

Data  concerning  the  anatomy  of  the  dog,  the  rabbit,  and  the  cat 
can  be  found  in  EUenberger  and  Baum,  Anatomie  des  Ilundes;  W. 
Krause,  Anatomie  des  Kaninchens;  St.  George  Mivart,  The  Cat. 

The  large  Handbuch  der  experimentellen  Pathologic  und  Phar- 
makologie  of  Heinz  deals  with  results  rather  than  nith  details  of 
methods.  There  arc,  however,  a  few  points  which  are  not  usually 
mentioned. 

Apparatus. — We  have  been  dissatisfied  with  the  ordinary  kymo- 
graph driven  by  a  spring,  on  account  of  the  variation  in  speed  and 
the  necessity  for  frequent  winding.  In  the  case  of  the  expensive 
Hilrthle  machine  this  objection  does  not  hold.  For  this  reason  the 
writer  has  used  an  electric  kymograph — the  one  described  by  him  in 
American  Medicine,  1904,  volume  8,  page  405.  This  kymograph  can 
be  easily  made  in  most  machine  shops,  as  the  wheels  are  stock  cut. 
The  machine  requires  very  little  attention  and  the  paper  winds  regu- 
larly and  does  not  sag.  The  kymograph  made  by  Blix"  also  over- 
comes many  of  the  usual  difficulties.  The  speed  of  the  kymograph 
should  be  kept  uniform  and  should  be  note<l. 

The  time  markers  which  have  given  the  most  satisfactory  results 
are  those  described  by  Marvin*  under  the  name  "Magnet  for  record- 
ing sunshine  and  rainfall."     This  by  slight  modification  can  be  made 

"Blix,M.    Neue  Rogistrirapparate.    Arch.  f.  Geaam.  Physiol,  vol.  90,  p.  405, 1902. 
tMarvin,  C.  F.    AnEinometry.    V.  S.  Dept.  Agr.,  Weather  Bureau,  Circ.  D,  Inatru- 
ment  Div.,  2d  ed.,  1000,  p.  47. 
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to  write  in  a  vertical  position,  and  it  records  the  seconds  in  st«plike 
groups  so  that  they  can  be  counted  off  at  a  glance. 

A  very  convenient  manometer  is  the  ordinary  one  of  glass  made 
into  the  form  of  a  U.  The  internal  diameter  should  be  as  near  as  pos- 
sible to  4  nmi.,  as  at  this  width  the  least  error  occuis."  To  the  hori- 
zontal portion  of  the  tube  a  small  right-angular  tube  is  sealed,  and 
this  is  connected  with  the  pressure  bottle.  At'  the  end  of  the  hori- 
zontal portion  a  small  flexible  lead  tube  is  connected  by  means  of 
thick-walled  rubber  tubing,  and  the  opposite  end  of  the  lead  tube 
connects  with  a  wash-out  cannula. 

The  most  convenient  form  of  wash-out  cannula  is  the  one  which  has 
been  used  in  Professor  Howell's  laboratory  for  ten  or  fifteen  yearsand 
consists  of  a  metallic  T  tube.  The  long  arm  of  the  T  ia  divided  in  its 
lower  half  by  a  longitudinal  partition,  which  separates  this  part  of  the 
tube  into  two  sections,  one  continuing  on  through  the  full  length,  the 
other  communicating  with  the  side  arm  of  the  T.*  When  this  tube 
is  inserted  into  the  glass  cannula  and  connected  with  the  carotid  artery 
a  continuous  stream  of  fluid  will  wash  out  any  clots  which  may  form. 

In  recording  respiration  the  writer  uses,  when  necessary,  the  chest 
tambour  connected  with  an  ordinary  Marey  tambour,  writing  directly 
upon  the  drum  of  the  kymograph.  The  secret  of  obtaining  good 
respiratory  tracings  lies  in  the  use  of  extremely  thin  rubber.  For 
this  purpose  rubber  about  as  thin  as  tissue  paper  is  best.  For  accu- 
racy in  reading  pressiures,  a  running  base  line  is  used.  In  commercial 
work  where  it  is  necessary  to  save  time,  the  paper  is  further  divided 
by  a  series  of  equidistant  lines  running  parallel  to  the  base  line  to 
facilitate  readuig  off  measurements.  One  adjusted  to  run  at  the  level 
of  normal  pressure  is  especially  desirable  for  rapid  work. 

As  to  the  respiration  apparatus,  at  present  the  most  suitable  one 
seems  to  be  that  of  Meyer'  because  of  the  alternate  force  and  suction 
pumps,  but  that  of  Hoyt,**  which  is  merely  a  force  pump,  is  very 
serviceable. 

Preparation  of  animals  for  testing. — The  animal  should  be  carefully 
ansesthetized  both  for  humanitarian  reasons  and  to  rencier  it  motion- 
less, as  any  motion  on  the  part  of  the  animal  would  vitiate  the  results. 
If  necessary,  curare  with  morphin  may  be  used  to  secure  immobility; 
then  artificial  respiration  will  be  required.    While  the  use  of  chlore- 

a.'Vhaefer,  E.  A.     Textbook  of  Physiology,  vol.  2,  p.  78. 

6  Hermann,  L.     Exper.  Pharaiaoology,  1883,  p.  101. 

eMeypr,  H.     Zwci  iieue  Laboratoriumsoppamlp.     Arch,  f .  Exp.  Palh.  u.  Pharmakol. , 

vol.  47,  p.  426,  1902. 
''Hoyt,  J.  T.    Apparatus  for  artificial   rcspiratioii.    Jour.  Physiol.,  vol.  27,  p.  48, 
1901. 
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tone  has  disadvantages,  it  is  generally  used  for  this  class  of  work  in 
dc^  where  the  animal  is  not  allowed  to  recover  (0.2  gram  per  kilo  is 
usually  given  in  alcoholic  solution  after  the  hypodermic  injection  of 
morphin,  or  chloretone  may  be  used  alone).  This  does  away  with  the 
use  of  a  volatile  antesthetic."  After  the  use  of  large  doses  of  chlore- 
tone alone  the  writer  noted  that  while  the  animal  may  be  merely  drowsy 
after  one  hour,  a  few  whiffa  of  ether  will  secure  good  ansesthesia,  which 
will  continue.  Sometinies  as  anaesthesia  sets  in  the  animal  ceases  to 
breathe,  but  a  few  strokes  of  the  respiration  machine  will  soon  restore 
the  breathing,  which  will  then  continue  of  itself.  In  the  case  of  rab- 
bits, 3  grams  of  urethane  may  be  given  in  solution  by  mouth,  or  1 .50  ' 
grains  subcutaneously,*  while  cats  should  receive  1.25  grams  per  kilo. 
With  this  ansesthetic  and  kept  on  a  warm  table,  the  blood  pressure  in 
cats  will  remain  at  130-140  nun.  for  hours.'  Urethane  is  not  suitable 
for  dogs.  Before  connecting  the  animal  to  the  kymograph  it  should 
be  weighed,  so  that  the  necessary  dose  of  adrenalin  can  be  calculated. 

Reevlla  ohlained  by  various  investigators. — Cameron''  has  shown  that 
the  smallest  dose  which  gives  a  "definite  and  invariable  rise"  in  blood 
pressure  in  rabbits  weighing  about  2,000  grams  is  0.00062  mg.,  or 
0.0003mg.  per  kilo,  or  0.00000031  gram  per  kilogram;  that  is,  0.5  c.  c. 
of  a  0.125  per  cent  solution  of  an  adrenalin  solution  of  1  to  1,000, 
or  0.5  c.  c.  of  a  solution  of  1  to  800,000  (1  c.  c.  of  a  1-1,000  solution 
diluted  to  800  c.  c). 

In  cats,  which  are  more  resistant  than  rabbits,  Ehrmann'  found 
that  the  intravenous  injection  of  0.1  mg.  gave  a  rise  which  was  just 
appreciable. 

Abel's  epiuephrin  bisulphate  in  0.00013  gram  caused  a  rise  of 
14  mm.  Hg  in  a  small  dog  with  cut  vagi,'  and  von  Fiirth's  suprarenin 
iron  compound  in  doses  of  0.000017  gram  per  kilo  (dog)  caused  the 
maximum  rise,  while  0.000075  gram  caused  a  marked  rise,  24  mm.  Hg 
in  rabbits  (2  kilos).'' 

I  Itnpena,  E.     Chloretone.     Arch.  Intemat.  do  Phanna<x>dyiiamie,  vol.  S,  p.  77,  1901. 
Houghton,  E.  M.,  laid  Aldrich,  T.  B.     Chloretone.    Jour.  Amer.  Mt^d.  Aeboc.,  vol. 

33,  p.  777, 1899. 
b  Schmiedeberg,  0.    Ueber  d.  pharmfikol.  Wirkungen  u.  d.  themp.  Anwend.  einiger 

Csrbaminsaure-ester.  Arth.  i.  Expor.  Path.,  vol.  20,  p.  203,  1886. 
■!  Elliott,  T.  R.  Action  of  adrenalin.  Jour.  Physiol.,  vol.  32,  p.  449, 1905. 
J  Cameron,  I.  D.     On  the  niethode  of  atandardiaing  HUprarenal  preparationa.     Proc. 

Roy.  Soc.  Edinburgh,  vol.  26,  p.  IGl,  1905. 
*  Ehrmann,  R.    Ueber  eine  phyaiol.  WerthbeBtimmung  dea  Adrenalins.    Arch.  f. 

Exp.  Path.  u.  Fhannakol.,  vo).  53,  p.  106,  1905.     [Weight  of  animal  not  given.] 
/  Abel,   J.   J.     Ueber  d.    blutdruckerrcgcnden   Beetandtheil   der  Nebcnnierc,   das 

Epinephrin.     Zeita.  t.  Physiol.  Chem.,  vol.  28,  p.  339,  1899. 
0  Von  FQrth,  0.    Zur  Eenntnim  d.  brenzkatechiniihnlich.  Rubstanz  d.  Nebennieren. 

Zeite.  f.  Phyaiol.  Chem.,  vol.  29,  pp.  115  and  112,  1900. 
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Epinephrin  sulphate  intravenously  injected  into  atropinized  dogs 
previously  narcotized  with  morphin  and  ether  produced  a  rise  as 
follows : 

0.033  millionth  of  a  gram  per  kilo  body  weight,  5  mm.  Hg. 

0.23   millionth  of  a  gram  per  kilo  body  weight,  7  mm.  Hg. 

0.49    millionth  of  a  gram  per  kilo  body  weight,  15  mm.  Hg. 

0,69   nulliontb  of  a  gram  per  kilo  body  weight,  20  mm.  Hg. 

l.T     miUioDth  of  a  gram  per  kilo  body  weight,  24  mm.  Hg. 

5.7      millionth  of  a  gram  per  kilo  body  weight,  66  mm.  Hg. 

Unfortunately,  in  these  experiments  the  interval  of  time  between 
the  injections  is  not  specified." 

In  a  dog  weighing  4.5  kiios  with  a  carotid  pressure  of  140  mm.  Hg 
the  intravenous  injection  of  0.02  mg.  of  adrenalin  was  followed  by  a 
rise  of  46  mm.  After  the  injection  of  atropin  the  same  dose  caused 
a  rise  of  50  mm.* 

The  normal  blood  pressure  in  rabbits  as  measured  from  the  carotid 
artery  is  about  90  mm.  Hg,  but  varies  from  80  to  100. 

Josu£  '  noted  that  while  frequently  repeated  intravenous  injections 
caused  a  permanent  rise  in  blood  pressiu-e,  yet  these  animals  still 
gave  the  characteristic  abrupt  rise  in  blood  pressure  on  fresh  injec- 
tions— in  other  words,  there  was  no  immimity — and  Elliott  and 
Durham  in  three  experiments  with  cats  failed  to  find  the  presence 
of  an  anti-body.'' 

The  normal  blood  pressure  for  dogs,  as  measured  from  the  carotid 
artery,  is  140  mm.  and  in  rabbits  70  mm.  of  mercury,"  while  the 
maximum  pressure  according  to  Elliott  is  ±300  mm.  for  dogs, 
180  mm.  for  rabbits,  and  240  mm.  for  cats. 

Oliver  and  Schaefer^  have  claimed  that  0.015  gram  per  kilo  of  the 
fresh  glands  would  cause  the  maximum  rise  in  dogs  (10  kilos). 

In  non-narcotized  and  non-curarized  rabbits  Pruszynski'  noted  a 
rise  of  90  mm.  Hg  with  0.000047  gram  per  kilo  of  adrenalin.     With 

o  Hunt,  R.  On  the  eSecte  of  intravenoue  injections  of  minimal  doeee  of  epinephrin 
sulphate  upon  the  arterial  blood  preasure.  Proc.  Amer.  Physiol.  Soc.,  p.  vii; 
Amer.  Jour.  Physiol,,  vol.  B,  1901. 

h  Baylac,  J.  Recherchesexp^r.  surleapropriStfephysiol.  ettoxiquesde  I'adr^naline. 
Arch.  Med.  de  Toulouse,  vol.  12,  p.  265,  1905. 

c  Joau^,  O.  T<a  preasion  artf^rielle  chez  1e  lapjn  tk  la  suites  d'injections  r^p^t^ea 
d' adrenaline  dans  lea  veinea.  Comp.  Rend.  Hebd.  Soc.  de  Biol.,  vol.  69,  pt.  2, 
p.  319,  1905. 

<i  Elliott,  T.  R.,  and  Durham,  H.  E.  On  subcutaneous  injectioUB  of  adrenalin. 
Jour.  Phyaiol.,  vol.  34,  p.  490,  1906. 

'  Langendorff,  0.     Phyaiolog.  Graphik.,  p.  204. 

/Oliver,  G,,  and  Schaeter,  E.  A.  Physiological  effecteof  eitractsot  suprarenal  cap- 
sules.   Jour.  Physiol.,  vol.  IS,  p.  235,  1895. 

e  Prusiynski,  J.  Influence  of  adrenalin  on  the  circulatory  system.  Medicine,  vol. 
11.  p.  924, 1905. 
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an  intravenous  injection  of  1  c.  c,  of  a  1-100,000  solution,  Takaminc 
obtained  a  rise  of  30  mm.  Hg  in  the  case  of  a  dog  weighing  8  kilos, 
while  in  a  dog  weighing  15.5  kilos  0.000016  gram  induced  a  rise 
of  9  mm." 

With  a  similar  injection  of  1  c.  c.  of  a  1-10,000  solution,  Jotin^ 
obtained  a  rise  of  50  mm.,  registered  by  a  Htirthle  manometer,  in  a 
dog  weighing  SJ  kilos  when  the  v^i  were  not  cut.  These  result 
remained  constant  on  repeating.  If  one  vagus  nerve  was  cut  the 
pressure  rose  in  one  case  75  mm.,  and  on  repeating  rose  60  mm.  If 
both  nerves  were  cut  the  pressure  rose  much  higher — about  150  mm. 

According  to  Toujan '  0.001  mg.  of  adrenalin  will  cause  an  appre- 
ciable rise  in  atropinized  dogs  weighing  10  kilos,  a  sensibility  uf 
1-1,000,000,  and  Sollmann  reports  a  rise  of  14  mm.  after  the  injec- 
tion of  0.001  mg.  per  kilo.  Camot  and  Josserand  obtained  a  maxi- 
mum rise  of  17.5  cm.  Hg  in  a  dog  weighing  15  kilos  with  0.000016 
gram  per  kilo  of  adrenalin.'' 

A  dog  we^hing  11.29  kilos  aniesthetized  with  0.3  gram  of  morphin 
intravenously  after  an  injection  into  the  vein  of  0.001  gram  of  adrenalin 
gave  a  rise  from  38  mm.  normal  to  128  mm.  Hg.  A  second  injoo- 
tion  gave  a  rise  from  36  mm.  to  132  mm.'  In  Dupuis  and  Van  den 
Eeckhart's  hands  an  intravenuos  injection  of  1  c.  c.  of  a  1-4,000  solu- 
tion of  adrenalin  increased  the  blood  pressure  in  the  femoral  artery 
4  cm.  Hg  in  a  dog  weighing  23  kilos,  under  morphin  and  atropin. 
This  rise  persisted  1}  minutes.  Onec.  c.  of  a  1-1,000  solution  produced 
a  rise  of  14  cm.  This  returned  to  normal  in  five  minutes.  The  rise 
was  followed  by  a  hypotension  of  1  cm.  below  normal.' 

Sudden  death  may  at  times  occur  in  dogs  even  from  0.12  mg.  of 
adrenalin,  although  the  rise  in  blood  pressure  may  have  been  only 
small  (32  mm.).  In  these  cases  the  action  seems  to  fall  directly  on 
the  heart,  as  the  respiration  may  continue  after  the  heart  stops.' 

a  Takamine,  J.     Adrcnalia,  the  active  pnncipk'  of  the  suprarenal  ^landa.     AmeT. 

Jour.  Phtmn.,  vol.  73,  p.  530,  IWl;  Therap.  Oaa.,  vol.  2.S,  p.  223,  IBOl. 
b  John,  K.    Ncbennierenprftparatc.    Dissert.,  I«ip?iig.  190G,  p.  17. 
t  Toujan,  G.    Reoherches  ejpir.  sur  I'adi^nalino.    ThS«e,  Touloutw,  1905,  p.  m. 
d  Camot,  P.,  and  Joeserand,  P.     l.es  diff^rencea  d'action  de  1 'adrenaline  sur  la  pres- 

sion  Ban^ine  euivant  lea  voiee  de  pi5n^tration.     Comp.  Bend.  Hcbd.  Sue.  du 

BioL,  vol.  54,  p.  1473,  1902. 
<  Reichert.  E.  T.     Adrenalin,  the  active  principlu  of  adrenal  extract.    Univ.  Pa. 

Med.  Bui.,  vol.  14.  p.  53,  1901. 
/  Dupuia  and  Van  den  Eeckhart.    L'adrdnaline.    Ann.de  M6d.  V^t.,  vol.  52,  p.  4S4, 

1903. 
NoTB. — Other  figures  ntay  be  found  in  Neujean,  V.,  Contrib.  ^  I'^tude  exp^r.  del'adr^- 

naline.  Arch.  Intemat.  de  Pharmacodynamic,  vol.  13,  p.  45,  1904. 
s  Elliott,  T.  R.    Action  of  adrenalin.    Jour.  Physiol,,  vol,  .12,  p.  4r>5.  1905. 
Livon,  C.    Danger  du  principe  actif  dca  capsules  surrf naIcK  dialys^.    Comp.  Rend. 

Hebd.  Soc.  de  Biol.,  vol.  54,  p.  1501, 1902. 
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In  cats  under  urethane,  0.03  mg.  of  adrenalin  produced  the  maxi- 
mum rise." 

Subcutaneous  injections  *  or  administration  per  os  usually  pro- 
duced no  rise  in  blood  pressure.  The  slight  rise  seen  at  times  may  be 
due  to  the  local  action  on  the  stomach  walls.  Intramuscular  injections 
are,  however,  followed  by  some  rise,'=  and  the  effects  vary  with  the 
mode  of  ipjection  as  to  whether  it  passes  through  the  hepatic  circu- 
lation or  through  the  muscles,  etc.' 

If  the  injection  of  small  doses  b  rapidly  repeated  the  rise  in  blood 
pressure  with  the  same  amount  of  active  principle  is  slightly  less  but 
more  persistent.'  With  medium  doses  the  rise  and  its  duration  may  be 
greater  than  from  the  first,  hut  if  a  proper  interval  of  time  elapses 
between  the  injections  the  second  rise  will  correspond  to  the  first,  an 
observation  which  is  confirmed  by  B&ylac.^  For  a  dt^  of  8  kilos,  five 
minutes'  time  is  sufficient  when  using  small  doses — 0.006  to  0.001  mg.' 
Josserand  says  there  is  no  accumulation  with  0.000016  mg.  per  kilo.* 

If  lai^e  doses  are  used,  the  pressure  may  stay  high  for  a  long  time, 
then  fall  below  normal,^  and  serious  disturbances  with  the  heart,  shown 
by  pericardial  effusions,  may  occur  and  vitiate  the  result.'  Weiss  and 
Harris  *  have  claimed  that  adrenalin  can  still  be  found  in  the  blood 
even  when  the  blood  pressure  has  fallen  to  normal;  thus  after  inject- 
ing 0.0034  gram  of  adrenalin  into  a  cat  weighing  3,000  grams  and 
waiting  thirty  minutes,  the  transfused  blood  caused  a  rise  of  15  mm. 
in  a  second  cat.  No  control  experiments  with  normal  blood  seem  to 
have  been  made.     Elliott,  however,'  says  that  when  the  blood  pressure 

u  Elliott,  T,  R.     Action  of  adrenalin.     Jour.  Physiol.,  w\.  32,  p.  448,  1005. 
6  Reichert,  B.  T.    Adrenalin.    Univ.  Pa.  Mwl.  Bui.,  vol.  14,  p.  51,  1901. 
'  MeilKCT,  S,  J.,  and  Aucr,  J.    Uober  d.  Resorption  aus  den  Muskcln.    Zeiit.  I.  Phy- 
siol., vol.  18,  p.  689,  1904. 
^  Camot,  P.,  nnd  Joiwcrand,  P.     Dch  dif£6reDree  d'action  do  I'adr^naline  Murla  pn»- 

Bion  sanguinii  Buivant  Ics  voies  de  penetration.     Comp.  Rend.  Uebd.  Soi;.  de 

Biol.,  vol.  54,  p.  1472,  1902. 
'  Toujan,  G.     Recherchcs  expSr.  aur  radr^naline.     Thtue,  Toulouse,  1905,  p.  37. 
/Baylac,  J.     Rechfrchtai  expfr.  uur  le  proprii^t^  phyeiol.  ot  toxiquc  de  radreoalinu. 

Awh.  KM.  de  Toulouse,  vol.  12,  p.  252,  1905.    [Ust-d  10-minute  interval  for 

rabbits.] 
e  Toujan,  Q.    Rerherches  oxp^.  sur  I'adr^naline.    Thiso,  Toulouse,  1905,  p,  38. 
"JosBerand,  P.     Contrib.  ilVaudephyaio!,  deradrenalLnc.     Th^BC,  Paris,  1904,  p.  3;). 
Note.— See  also  Gioffredi,  C,  La  distrueiione  dell'  adrenaline  nell'  organinmo, 

Archiv.  di  Farmacol.  Speriment,  vol.  G,  pp.  127,  145,  1907. 
*Battelli,  F.    Transformation  de    I'adr^naline    dans   I'organisme.      Compt.    Rend. 

Hebd.  Soc.  de  Biol.,  vol.  54,  p.  1518,  1902. 
iElliott,  T.  R.     Action  oi  adrenalin.     Jour.  PhyBiol.,  vol.  32,  p.  444,  1905. 
tWeiss,  0.,  and  Harris,  J.     ZerslOning  dee  Adrenalins  im  Icbenden  Tier.     Arch.  f. 

Gesam.  Physiol.,  vol.  103,  p.  510.  1904. 
Harris,  J.     Diivcrt.,  Kdnigsbeig,  1904. 
Batlclli,   F.     Tninsfommtiiin    de   radr^naline   dans   roiganisme.     Compt.    Rend. 

Hebd.  Soc.  de  Biol.,  vol.  54,  p.  1519,  1902. 
Ua  DigilizedbvCciO'^IC 


PRINCIPAL   PHYSIOLOGICAL   TESTS.  33 

has  returned  to  normal  in  the  cat,  the  substance  has  then  disappeared 
almost  entirely  from  tlie  blood.  Elliott's  table  showing  the  eflecte 
of  injecting  smaller  doses  gives  the  different  results  obtained: 


KecpivEiI  0.30  mg.  ailn-nalin 


ll.M. 


11.45.  Ri-oeivpf!  O.lSmg.  adr<-nalin.  Blood  preenure: 
mm.  Hg. 

Blood  preaeure 
mm.  Hg. 

niuod  contained 
adrenalin. 

mm.  fig. 

IL'.OX.     Kocrivcil  0.1)  mg.  adn-nalin.     IJIood    prexsure 
mm.  Hg. 
i  lug.  adrenalin. 


R(«-i'iv(ii  0.:i  mg.  adrenalin 


mc   1.10   lo  230 
0  demnnatrablo 


I   110   lo  210 


12.14. 


12.22. 


Rt-ct'ivi-d  0.8  mg.  iuin.'naUn. 

12.2<i. 

12,40.  H<.-<-eiveil  1  mg.  adrenalin. 

12.40.  Received  1  mg.  adrenalin. 

12.50. 

1.17.  Kerpivtit  I  mg.  ailrt'nalin. 

1.21.  Received  1  mg.  adrenalin. 

1.24.  ItciYiveil  1  m^.  aiin-nalin. 
1.25. 

1.45.  Rei-eived  1  nig.  adrenalin. 


)   120   Id  206 


Bluod  prcaeiire  r 

mm.  Hg. 
Blond    pr<>i<8urc   : 

mm.  Hg. 
Blood   contained  no  adn?tw)in. 
Blood   pressure   rose   110   lo  200 

mm.  Hg. 
liloxl   pn'seiiru  roae  140  to  178 

mm.  Hg. 
Pupila  Btin  dilated.     Blood  prts- 

aure  160  mm.  Hg, 
Blood    pressure    rose    95   to   170 

mm.  Hg. 
Blood   prc«ure  rose  130  to  156 

mm.  Hg. 
Blood  presaurc  140;  no  rise. 
Adrenalin  loiind  in  blood.     Fivo 

e.  e.  contained  0.02  mg. 
Klood   pressure   tuee    fiO    to   115 

mm.  Hg. 
No  demoUHlrable  adrenalin. 


Contnil  cat  nhowi-d  0.01  mg.  in  5 
In  comparing  the  streiigtlis  of  solutions  it  should  be  remembered 
that  because  1  c.  c.  of  a  solution  gave  a  rise  of  17  mm.  Ilg,  2  c.  c.  will 
not  necessarily  double  this  rise;  in  fact,  while  there  is  a  general 
increase  with  increasing  doses  up  to  a  certain  limit,  we  are  unahle  jto 
find  any  mathematical  relationship  between  the  rise  in  blood  pressure 
and  the  dose.  Thus  Toujan  in  a  dog  narcotized  with  chloralose  and 
atropinized  (Icgm.  per  7  kilos),  injected  1  c.  c.  of  a  suprarenal  extract 
containing  0.001  mg.  per  cubic  centimeter  and  obtained  a  rise  of  17 
mm.    After  fivo-minute  intervals — 


Inje<l.-d2e. 

c.  and  obtained  a  rise  of  19.5 1 

Inie<'f.-<1  3  e. 

e.  and  oblainitl  a  rioc  of  25.0  i 

Ini.-<1e<l  4  e. 

c.  and  ..blained  a  ri,"e  of  23.0 

Injected  &  e. 

e.  and  obtained  a  rise  of  25.0  i 
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The  persistency  of  the  rise  gives  a  better  idea  as  to  the  intensity  of 
the  action;  thus,  using  a  drum  which  traveled  at  a  rate  of  0.28  cm, 
per  second,  alter  injecting  1  c.  c,  of  the  solution  specified  the  drum 
traveledSOmm.  before  the  blood  pressure  returned  to  its  original  level — 


After  2  c 

c. 

it  traveled  40  mm. 

After  3  c 

c. 

it  traveled  102  mm. 

After  4  c 

c. 

it  traveled  130  mm. 

After  5  c 

c. 

it  traveled  150  mm. 

Young  dogs  are  claimed  to  be  more  responsive  to  adrenali!i  tlian 
older  dogs  having  the  same  weight." 

The  quantitative  work  which  has  been  carried  on  witli  adrenalin 
has  been  performed  with  the  adrenalin  of  commerce.  This  was  shown 
to  contain  extraneous  matter  (phosphates)',  as  one  would  expect 
from  the  method  of  isolation  described  by  Takamine,  so  that  it  does 
not  seem  rational  to  standardize  against  &  body  whi<-li  is  not  chem- 
ically pure  and  which  the  manufacturers  themselves  do  not  label  as 
c.  p.  The  standard  used  should  be  the  highest  grade  <if  a<'tive  prin- 
ciple known.  Abel's  latest  method,  as  acknowledged  by  Pauly%  or 
adrenahn  as  ]>rcpared  by  Aldrich's  method  seems  to  answer  this 
demand.  This  adrenalin  (Aldrich's)  can  perhaps  bo  obtained  from 
the  manufa<^turers,  but  at  a  higher  price.  A  supply  of  this  high 
grade  adrenalin  (epinephrin)  should  be  kept  on  hand  in  a  vacuum 
desiccator  and  preserved  in  the  dark.  \N'hen  the  test  is  to  be  made, 
a  few  milligrams  of   this  are  accurately  weighed  off   and  dissolved 

in  water  with  a  little  over  the  calculated  amount  of  liCl  .q,  con- 
stantly shaking,''  and  made  up  in  a  proportion  of  1  to  50,000,  the 
solution  placed  in  a  Florence  flask  and  gently  heated  on  the  bath 
to  body  temperature  (37J°  C).  One-half  of  a  cubir  centimeter  of 
this  solution  would  correspond  to  0.001  mg.  per  kilo  for  a  dog  of  10 
kilos.     One-half  of  a  cubic  centimeter  of  this  warm  solution  is  then 

"JiwHcrancI,  P,    Conlrib.  ik  I'^iude  physiol.  du  I'adr^naline.    Th»i8i>,  Paris,  1904,  p.  31. 

6Abet,  J.  J.  Onaximple  methmi  of  preparing  epinephrin  and  ita  compounda.  Bui. 
Johns  HopkinH  Ilufiiilal,  v<il.  13,  p.  30.  1902.  Pnit.  Abel  najfi;  "I  judge  from 
Uu-  bulkinii4<  of  ihe  phoitphomolybdate  prt-ciiiitHte  ihul  u  <|iianlilative  experi- 
ment would  nwilt  inaliigh  percentage  of  impurily.  •  •  •  Commen-iai  adre- 
natinwaa  •  •  ■»  purilied  *  •  '  and  more  than  (hirty  analyses  of  variiius 
fracliona  have  been  made,  but  it  has  been  found  impufwible  to  HPcun- uniformity 
of  cum)K>sition  among  the  various  products." 
Function  of  tlic  suprarenal  glands.  Contributions  to  Med.  Resiparch,  dediea(e<l 
t<' V.  I'.  Vaughan,  p.  155. 
Compare  also  nunn,  A.,  an<l  Harrison,  E.  F.  A  new  characteriblic  reai-lion  of 
adrenaline.    Pharm,  Jour.,  1907,  p.  718. 

"Abdcrhaldcn.  E..  and  Bergell,  P.     Mflnch.  Med.  Woch..  vol.51,  p.  1003.  1904, 

<'Takamini'  siyc  "100  parts  ot  adrenalin  needs  nearly  19  parts  of  hydrochloric  acid 
in  forming  a  neutral  salt."     (Amer.  Jour.  Pharm.,  vol.  73,  p.  627, 1901.) 
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injected  by  means  of  a  small  calibrat«d  syringe  and  connections  into 
the  saphenous  vein.  The  time  of  this  injection  should  be  registered 
and  should  occupy  about  five  seconds,  and  should  be  gently  per- 
formed. This  is  then  rapidly  followed  from  the  same  syringe  with 
1  c.  c.  of  the  normal  salt  solution  to  wash  into  the  circulation  any  of 
the  aohition  that  may  be  in  the  syringe  and  connections.  This  injec- 
tion should  occupy  the  same  length  of  time  and  should  always  be 
noted.  It  is  important  that  the  standard  solution  be  made  fresh  at 
each  test,  as  otherwise  it  gradually  loses  its  activity.  The  pupils 
should  be  examined  to  see  if  there  is  any  action,  as  there  may  be 
bodies  present  in  the  extract  which  might  neutralize  the  blood- 
pressure-raising  action.  During  the  experiment  the  animal  must 
be  kept  warm.  Not  over  2  c.  c.  of  fluid  should  be  injected  at  any  one 
time,  to  avoid  the  pressor  action  of  the  large  volume  of  fluid.  The 
action  of  the  comparatively  large  amounts  of  fluid  used  in  this  form 
of  injection  may  be  overcome  by  injecting  the  fluid  into  the  vein 
without  the  use  of  a  syringe.  For  this  injection  a  pipette  of  1  c.  c. 
capacity  accurately  divided  into  tenth  cubic  centimeters  is  closely 
connected  to  a  fine,  clean,  sharp  hypodermic  needle  by  means  of  a 
rubber  tube,  and  after  gently  pushing  the  needle  through  the  wall  of 
the  vein  toward  the  heart  the  fluid  is  let  run  into  the  circulation  and 
the  amount  controlled  by  the  finger  or,  better,  a  burette  may  be 
connected  with  the  cannula  and  the  injection  thus  made.  By  this 
method  it  will  not  be  necessary  to  use  sodium  chlorid  solution  to 
wash  the  adrenalin  solution  into  the  vein. 

The  most  satisfactory  method  is  to  connect  the  syringe  or,  prefer- 
ably, a  burette  containing  the  standard  solution  with  one  saphenous 
vein  and  the  solution  to  be  tested  with  the  corresponding  vein  of  the 
other  leg,  so  that  alternate  injections  of  standard  and  unknown  solu- 
tion can  be  made  under  the  same  conditions.  The  writer's  own  prefer- 
ence is  for  the  burette  method. 

The  maximum  rise  in  blood  pressure  from  this  injection,  0.001  mg. 
per  kilo,  which  is  about  14  to  28  mm.  Hg,  although  tliis  will  vary  in 
vsriouM  dogs,  is  now  noted,  and  also  the  distance  traveled  by  the  paper 
and  the  time  which  elapses  before  the  blood  pressure  returns  to  nor- 
mal. A  line  running  on  a  level  with  the  base  of  the  blood  pressure 
curve  will  aid  in  rapid  calculation.  The  method  of  measuring  the 
blood  pressure  can  be  found  in  W.  Stirling's  Outlines  of  Practical 
Phj-siologj-,  third  edition,  1898,  page  305. 

Very  dilute  solutions  are  purposely  used,  so  that  there  will  be  no 
accumulation  of  the  active  principle  in  the  animal.  After  five  or 
six  minutes  a  very  dilute  solution,  one  which  would  approximate  in 
strength  that  of  the  normal,  and  diluted  to  the  same  bulk  as  the  con- 
trol, is  similarly  injected,  with  all  the  above  precautions,  and  the 
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maximum  blood  pressure  and  the  time  which  elapses  before  the  blood 
pressure  returns  to  normal  is  likewise  noted  and  compared  with  the 
standard.  At  intervals  of  five  or  six  minutes  various  amounts  of  this 
fluid  are  injected,  until  an  amount  is  injected  which  gives  a  rise  which 
corresponds  to  the  1  c.  c.  of  the  standard  solution.  This  injection 
should  be  repeated  several  times,  changing  the  order  of  the  injection, 
and  a  mean  taken,  and  fmally  the  correct  solution  and  the  standard 
one  injected  into  a  fresh  dog  which  has  had  no  fluid  injected.  By 
comparing  the  strength  of  the  two  solutions  the  actual  number  of 
milligrams  present  can  be  determined.  Thus,  if  in  1  c.  c.  of  thestandard 
solution  there  were  0.01  mg.  and  this  gave  a  rise  of  14  mm.  of  Hg,  and 
if  2  c.  c.  of  a  similar  dilute  solution  of  the  unknown  gave  the  same 
rise,  we  would  naturally  argue  that  the  second  solution  was  one-half 
the  strength  ol  the  first  and  contained  0.005  mg.  per  c.  c.  The 
solutions  of  the  unknown  can  then  he  adjusted,  so  as  to  use  the  same 
amount  of  fluid  of  the  standard  and  the  test  controlled,  reversing 
the  order ,of  the  injections.  It  is  advisable  to  repeat  the  injections 
several  times,  checking  these  results  repeatedly. 

Elliott"  advises  against  using  over  0.03  mg.  Dale,  using  cats 
according  to  Elliott's  mettiod,  is  said  to  measure  epinephrin  solu- 
tions within  about  5  per  cent.* 

Cameron,"  struck  with  the  work  of  Marshall  on  the  antagonism  of 
the  members  of  the  digitalis  series  with  the  nitrites,  extended  these 
observations  to  the  antagonism  between  the  nitrites  and  adrenalin 
and  found  that  0.6  mg.  dlu  gr.)  of  nitroglycerin  would  require 
0.0075  mg.  of  adrenalin  to  neutralize  its  vasodilator  action  in  a  rabbit 
weighing  2,000  gruns  anspsthetized  with  ether.  This  method  he 
considers  even  more  satisfactory  than  the  simple  blood  pressure 
measuring,  especially  if  there  is  not  a  reliable  standard  preparation  to 
standardize  against.  One  example  from  Cameron  will  illustrate. 
The  minimal  effective  dose  of  a  1  per  cent  solution  was  0.5  c,  c.  The 
minimal  effective  dose  of  an  adrenalin  solution  had  been  found  to  be 
0.00062  mg.  for  rabbits  of  2,000  grams  weight ;  hence,  0.005  c.  c.  of  the 
solution  =  0.00062  mg.  adrenalin,  or  1  c.  c.  =  0.12  mg.  By  the  nitrite 
method  0.6  mg.  is  neutralized  by  0.7  c.  c.  of  10  percent;  this  amount 
of  nitrc^lycerin  is  neutralized  by  0.5  c,  c,  of  1.5  per  cent  a<lrenalin 
solution  (0.0075  mg.);  therefore,  1  c.c.  =  0.107  mg.  This  solution  was 
one-tenth  stronger  than  adrenalin  chlorid,  1-1,000, 

o  Elliott,  T.  R.    Action  of  adrenalin.    Jour.  Phygiol.,  vol.  32,  p.  448, 1905. 
ftBiirger,  G.,and  Ewins.  A.  J.     Note  on  the  molecular  weight  of  epinephrin.     Chcm. 

NewH,  vol.  93,  p.  90,  1906. 
c  Cameron,  1.  D.     On  the  inpthoiln  of  stand  an  lidiiiu  suprarenal  pri'parationB.     Proc. 

Koy.  Soc.  Edinburgh,  vol.  2G,  p.  170,  ilKKi. 
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Ott  and  Harris  ■>  had  tried  this  antagonistic  action  of  these  two 
bodies,  but  did  not  push  the  matter  as  far  as  Cameron.  A  similar 
antagonism  with  cholin  had  been  pointed  out  by  Lobmann>  After 
having  determined  the  amount  of  active  principle  on  the  dog,  rabbit, 
or  cat  by  the  simple  blood  pressure  method,  as  a  check  to  this  method 
it  may  be  advisable  to  inject  the  amount  of  the  unknown  solution  cor- 
responding to  0.0075  mg.  adrenalin  mixed  with  a  solution  of  0.6  mg. 
nitroglycerin  into  the  jugular  vein  of  a  rabbit.  I  do  not  consider 
this  additional  test  necessary,  but  the  results  of  Cameron  are  cer- 
tainly worth  controlling. 

GUrber  =  pointed  out  the  presence  of  a  depressor  body  in  the  supra- 
renal extracts.  A  portion  of  this  action  may  be  due  to  cholin  and  a 
portion  to  unknown  bodies.''  Extracts  containing  these  depressor 
bodies  are  especially  toxic.  In  crude  extracts  the  depressor  action 
of  these  bodies,  and  also  of  certain  inorganic  salts,  should  be  kept  in 
mind. 

At  the  end  of  the  experiment  the  animal  should  be  killed  by  inject- 
ing chloroform  into  the  veins,  so  that  the  most  humane  person  could 
find  no  objection  on  the  score  of  cruelty. 

In  the  case  of  a  mixture  of  adrenalin  and  peptone  the  action  of  one 
follows  that  of  the  other,  and  it  is  therefore  \msuited  for  antagonistic 
study.' 

"  Ott,  I.,  ftnd  Harris,  S.  B.    Physiological  action  of  adrenalin  chlmide.    Therap.  Gaz., 

vol.  27,  p.  378,  1903. 
^Lohmann,  A.    Cholin,  die  den  Blutdruck  eniiedrigende  Substaoz  der  Nebenniere. 

Arch.  f.  Geeam.  Phyaiol.,  vol.  108,  p.  222,  1907. 
eHetxger,L.     Zur  Kenntniss  d.  virkBam.  Subatanzen  d.  Nebenniere.     Dissert.,  WOte- 

bmig,  1897,  p.  17. 
d  Hunt,  R.    Further  obeervations  on  the  blood  prewure  lowering  bodies  in  extracts 

of  the  suprarenal  glands.    Proc.  Amer.  Physiol.  Soc..  Amer.  Jour.  Phyeiol,, 

vol.  5,  p.  vi,  1901. 
Harino-Zuco,  F.,  and  Dutto,  U.     Chem.  Untersuch.  fl.  die  addison'sche  Knuik- 

heit.    Untersuch.  z,  Naturlehre.'  Eerau^.  von  J.  Moleachott,  vol.  14,  p.  G17, 

1892. 
LohmaniL,  A.    Cholin,  die  den  Blutdruck  emiedrigende  Substanzder  Nebenniere. 

Arch.  t.  GeBam.  Physiol.,  vol.  108,  p.  215,  1907. 
Ptfi,  G.  A.      Azione  locale  dell'   adrenalins  sulle  pareti  dei  vaai,  ed  azione  delle 

minime  dose    di    adrenalina   aulla   preasione  del  sangue.     Arch,  di  Fannacol. 

Speriment.,  vol.  4,  p.  175,  1905. 
Vincent,  8.    Nature  of  the  physiologically  active  Hubertancea  in  extracts  of  norvoua 

tissues  and  blood,  with  some  remarks  on  the  methods  of  testing  for  cholin. 

Jour.  Physiol.,  vol.  30,  p.  143,  1904. 
'Hamburger,  W.  W.    Action  of  intravenous  injections  of  glandular  extracts   and 

other  substances  upon  the  blood  preeeure.    Amer.  Jour.  Physiol.,  vol.  11, 

p.  282, 1904. 
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In  the  report  made  to  the  Council  on  Pharmacy  and  Chemistry  of 
the  American  Medical  Association,  no  attempt  was  made  to  check  up 
the  results  with  the  rise  obtained  from  a  definite  amount  of  pure 
adrenalin,  but  only  to  compare  the  activity  of  the  preparation  on  the 
market.  SoUmann  and  Brown  wisely  remark  that  their  results  give 
no  idea  as  to  the  activity  of  the  preparations  before  leaving  the 
manufacturers'  hands." 

An  interesting  commercial  problem  is  to  see  by  what  means  the 
yield  of  adrenalin  can  be  increased.  Toujan  has  claimed  that  in  the 
products  of  auto-digestion  of  pancreas  there  is  a  body  (not  tyrosinl 
which  added  to  the  ground-up  suprarenala  does  this,*  while  Halle  has 
found  that  the  addition  of  tyrosin  to  the  ground-up  suprarenals  caused 
in  some  cases  an  increase  in  tlie  adrenalin  yield.  "^  Others  claim  that 
the  addition  of  ground-up  muscle  added  to  suprarenal  extract  does 
the  aame.<* 

Toxicrrr  op  the  active  pbinciple. 

The  following  data  on  the  toxicity  of  adrenalin  may  be  of  use: 

The  lethal  doae  for  froga  is  over  0.50  mg.  per  kilo.  The  relatively 
large  amount  necessary  to  kill  is  due  to  the  fact  that  pulmonary 
respiration  in  frogs  is  not  indispensable.  In  animals  death  is  usually 
due  to  pulmonary  cedema  and  an  action  on  the  heart. 

The  subcutaneous  injection  of  0.01  gram  per  kilo  kills  guinea  pigs, 
but  0.004  gram  rarely. 

In  rabbits  0.02  gram  per  kilo  given  hypodermically  is  fatal.' 
Baylac  gives  the  immediate  toxicity  by  this  method  as  1  eg.  per  kilo 
for  rabbita  and  guinea  pigs.  One  milligram  adrenalin  subcutaneously 
injected  in  rabbits  weighing  400  grams  rapidly  kills./^  On  the  intra- 
venous injection  into  rabbits,  0.0006  gram  per  kilo  is  always  fatal," 
while  three  out  of  four  die  from  0.0004  gram  per  kilo.    The  imme- 

nSollmann,  T.,  and  Brown,  E.  D.     Comparative  physiologic  activity  of  some  com- 
mercial suprarenal  preparations.     Jour.  Amcr.  Med.  Apboc.,  vol.  47,  p.  792,  1906. 
Note. — Compare  also  Hunt,  R. ,  C-ompanil.ive  pliysio1<^c  activity  of  Nome  commer- 
cial Buprarpnal  preparalions,  in  Jour.  Amer.  Med.  Assoc.,  vol.  47,  p,  790,  1906. 

6 Toujan,  G.    Rechen-hes  uxp^r.  Bur  I'adrfinaline.    Th^«p,  Toulouse,  1905,  p.  67.    . 

<■  Halle,  W.  L.  Ueber  d.  Bildung  cl.  Adrenalins  im  Oi^nismua.  Beitr.  z.  Cheni. 
Physiol,  u.  Path.,  vol.  8,  p.  276, 1906. 

<f  Abelous,  G.  E.,  SouliiJ,  A.,  and  Toujan,  G.  Influence  dos  eitraita  des  or^nes  et 
diw  tiasus  animauit  noumis  a  I'autolysc  nur  ta  produclion  de  1 'adrenaline.  Comp. 
Rend.  Ilebd.  Soc.  do  Biol.,  vol.  60,  p.  16,  1906. 

'Taramasio,  P.    fitude  loxicol.  de  I'adr^naline.    Thfeie,  Genfeve,  1902,  p.  30. 

'Paton,  D.  N.  Effect  of  adrenalin  on  sugar  and  nitrogen  encretion  in  the  uri;io  of 
birds.     Jour.  Physiol.,  vol.  32,  p.  62,  1905. 

BBattelli,  F.     Toxicite  do  I'adrfnaline  en  injections  inlraveineusen.     Comp.  Bend. 
Ilebd.  R,«'.  de  Biol.,  vol.  54,  p.  1247,  1902. 
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diate  tonicity  by  vein  in  rabbiU  (2  kilos)  is  0.06  milligrams  per  kilo." 
In  dogs  from  0,1  to  0.2  mg.  per  kilo  intravenously  injected  kills, 
while  in  cats  from  0.5  to  0.8  are  sufEcient.''  Twenty  milligrams 
adrenalin  subcutaneously  injected  in  cats  caused  no  disturbance  until 
the  following  day  (Elliott). 

°Baylac,  J.    Recherches  exp^r.  eur  lee  propiietee  phyeiol.  et  toxiques  de  Tadr^na- 

line.    Arch.  ilM.  de  TouIoubc,  vol,  12,  p.  247,  1905. 
^Lesage,  J.    Recberchca  eip^r.  but  radrfnaline.    Arch.  Intcmat.  do  Phannacodyn., 

vol.  13,  p.  273, 1904. 
Note. — See  sIbo  Amberg,  S.,  Toxicity  of  epinephrin,  in  Proc.  Amer.  Physiol. 

Soc.,  p.  xxxiii,  Amer.  Jour.  Physiol.,  vol.  8,  1903, 
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The  results  of  this  work  show  clearl}'  that  different  genera  and 
upecies  of  plants  differ  greatly  in  their  power  of  resistance  to  a  given 
mixture  of  alkali  salts  and  that  marked  differences  in  resistance  also 
exist  between  different  individuals  of  the  same  strain  or  variety, 
proving,  therefore,  that  there  is  a  good  opportunity  for  increasing 
this  quality  by  the  artificial  selection  of  resistant  strains.  The  work 
also  shows  clearly  that  a  strain  made  resistant  to  one  combination  of 
salts  may  not  be  resistant  to  another  combination.  The  results  are 
therefore  important  to  those  engaged  in  the  selection  and  improTement 
of  crops  for  alkali  soils. 
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THE  COMPARATIVE  TOLERANCE  OF  VARIOUS 
PLANTS  FOR  THE  SALTS  COMMON  IN  ALKALI 
SOILS. 


INTBOSUC^ON. 

In  Report  No.  71  of  the  Department  of  Agriculture"  an  account 
was  given  of  the  results  of  experiments  upon  tht^  toxicity  of  certain 
aaltii  of  magnesium  and  sodium  to  young  seedlings  of  the  white  lupine 
and  of  alfalfa.  It  was  shown  that  these  salts  differ  greatly  in  their 
toxicity  when  allowed  to  aet  upon  the  plants  in  pure  solutions  (i.  e., 
of  a  single  salt),  but  that  the  presence  of  a  second  salt,  notably  cal- 
cium sulphate,  not  only  greatly  increases  the  endurable  concentra- 
tion of  the  more  toxic  salt,  but  tends  to  equalize  the  toxicity  of  the 
different  salts.  Experiments,  the  result*  of  whith  have  not  hitherto 
been  published  in  full,*  were  afterwai^ds  made  with  maize,  and  it  was 
found  that  not  only  were  the  critical  concentrations  of  the  same  salts 
very  different  from  those  previously  worked  out  for  the  white  lupine, 
but  the  orderof  toxicity  of  the  various  salts  also  differed  widely.  The 
results  obtained  by  Harter'^  with  nine  varieties  of  wheat  show  that 
not  only  are  the  critical  concentrations  for  this  plant  different  from 
those  previously  established  for  the  white  lupine  and  for  maize,  but 
that  inside  the  limits  of  a  species  there  can  be  much  difference  between 
different  varieties  in  their  power  of  resistance  to  toxic  action. 

Since  the  publication  of  this  last  paper  similar  experiments  have 
been  made  with  four  varieties  of  soi'ghuni  [Andropiigon  snrghum),  two 
varieties  of  oats  (Avena  satioa),  two  species  of  cotton  {Gosfypium. 
barhadenae  and  G.  kirsutum),  and  sugar  beets  [B/'fa  vuit/ar/'s).  A. 
majority  of  the  more  important  field  crop  plant-*  grown  in  parts  of 
the  United  States  where  alkali  soils  occur  are  thus  rcpi-e.iented  in  the 
whole  series  of  experiments.'' 

0  Some  Mutual  Relations  Between  Alkali  Soiln  and  Vetft'tution,  1902. 

1  Althongh  rererred  to  in  a  brief  note  in  S<:i(.'i)re,  n.  e.,  vol.  17,  p.  .t86,  1903. 
"Bui.  79,  Bureau  of  Plant  Industry,  U.  S.  Dept,  of  A^culture,  1905. 

iiTbe  white  lupine  was  selected  fur  the  firxt  e.xporiiuents,  not  becau!>e  it  is  of  any 
importance  as  a  crop  plant  in  this  country,  but  because  of  the  eajte  with  which  it  iij 
handled  in  water-culture  experiment;^. 
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b  TOI.ERAKCE    OF    PLANTS    FOB    S.U.TS    IN    ALKALI    SOILS. 

Ttif;  results  have  established  the  fact  that  different  genera  and  i^pecies 
diScr  greatly  in  their  power  of  resistance  to  the  salts  of  magnesium 
and  sodium  that  are  common  in  so-called  alkali  soils,  and  that  further- 
more different  varieties,  or  even  mere  agricultural  strains  of  the  same 
species,  posKCMs  marked  diffo.renceR  in  this  respect.  In  mixed  solu- 
tions, especially  in  the  presence  of  a  salt  of  calcium,  these  differences 
are  much  less  pronounced,  but  still  exist  in  such  a  degree  as  to  leave 
no  ewcape  from  the  conclusion  that  some  species  and  varieties  of  plants 
are  better  adapted  than  others  to  growing  in  soils  containing  relatively 
large  amounts  of  these  salts.  Since  very  marked  differences  in  toler- 
ance exist  between  different  individuals  of  the  same  strain  or  variety, 
there  is  obviously  an  opportunity  for  an  increase  of  this  quality  by 
artificial  selection. 

In  the  present  paper  the  results  of  expeiiments  with  single  (pure) 
solutions  in  their  effect  upon  maize,  sorghum  (four  varieties),  oats 
(two  varieties),  cotton  (two  sijecies),  and  sugar  beets  are  first  described. 
The  resistance  to  pure  solutions  of  these  plants  and  of  the  white  lupine, 
alfalfa,  and  wheat  are  next  compared.  The  effect  of  an  excess  of  cal- 
cium sulphate  iu  neutralizing  the  toxicity  of  the  magnesium  and 
sodium  salts  upon  each  of  the  plant  species  above  mentioned,  and 
linally  that  of  amounts  of  calcium  sulphate  smaller  than  an  excess  in 
eountera<;ting  the  toxic  effect  of  these  salts  upon  the  white  lupine 
and  upon  sorghum  arc  then  treated. 

It  should  be  empliasized  that  the  results  of  these  water-cultnre 
experiments  with  pure  solutions  of  a  single  salt  or  of  two  salts  are  not 
to  i>e  directly  compared  with  the  results  of  observations  made  upon 
plants  growing  in  natural  "alkali"  soils.  In  the  latter  ca^  we  have 
always  to  deal  with  a  mixture  of  seveml  8ii\tt,  and,  moreover,  the 
presence  of  the  soil  itself  introduces  physical  factors  that  modify  in 
various  ways  the  efiect  of  the  solution  ujMin  ]>lants.  In  these  labora- 
tory experiments  the  problem  was  purposely  simplified  by  omitting 
tlie  soil,  thus  permitting  us  to  ascertain  directly  the  varying  toxic 
effect  upon  diffei-ent  plants  of  some  of  the  principal  "alkali"  salts  as 
a  necessary  preliminary  to  the  more  complex  problem  of  their  toxicity 
in  the  presence  of  the  soil  itself.  In  the  experiments  with  mixed  solu- 
tions a  step  is  taken  in  the  direction  of  this  grojiter  complexity,  and  it 
is  noteworthy  that  the  results  obtained  are  in  this  case  more  nearly 
comparable  with  the  relations  obtaining  in  nature  than  are  tho.-ie  with 
pure  solutions.  Experiments  are  now  in  progress  in  which  cultures 
insand  watered  with  the  extracts  from  natuml  alkali  soils  and  with  solu- 
tions of  salts  made  up  to  imitate  the  alkali  soil  exti-acts,  as  well  as  in 
the  natural  alkali  soils  themselves,  are  substituted  for  the  water  cul- 
tures used  in  the  experiments  here  described. 
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RESULTS    WITH    PURE    SOLUTIONS,  9 

EXPEBIHEirrAI.  METHODS. 

The  methods  used  were  desci-ibed  at  considerable  length  in  two 
previous  publication.s  upon  this  subject,"  It  suffices  here  to  state  that 
the  effect  upon  the  rapidly  elonguting  portion  (10  to  20  mm.)  of  the 
tips  of  the  radicles  of  young  seedlings  was  alone  studied,  inability  to 
further  elongate  when  transferred  to  pure  water  after  twenty-four 
hours'  exposure  to  the  salt  solution  being  taken  as  an  indication  that 
the  concentration  used  was  fatal  to  the  root  tips.  The  strength  of 
solution  which  permits  the  root  tips  of  about  half  the  total  number 
of  seedlings  used  to  survive  this  test  is  taken  as  the  critical  concentra- 
tion.* The  results  are  stated  throughout  in  terms  of  fractions  of 
normal  solutions. 

RESULTS  WITH  FUSE  SOLUTIONS. 

RESULTS  WITH  MAJZE  (ZEA  MAYs). 
Tablr  I. — Limits  of  eiidurancf  of  iiinize  teedllngt  of  tattn  nf  todmrn  <itiil  mriffnffiuiii. 


Sodium  carbotiHtf O.OlSnonosI   ,  Sndlum  blcurbonnlo O.Dfinoraul 

Hodlum  cblclrfd M  nonnal   I  Mug  exluni  chlorirl OS  DormaL 

Sodium  sulphate 05  normal  |   Maeiieslum  sulphalf I        .'ZSnormal 

RESULTS   WITH    COTTOX    (OOSHYPIL'M). 

The  Jannovitch  Kgyptian  variety  of  cotton  (GomnjjHiini  l>iirha<l<^iKr) 
and  the  Griffin  Upland  variety  of  cotton  ((!,  hirxntidii)  were  selected 
for  these  experiniente. 

"Kearney  anil  Caciienm,  in  Report  Nii.  71,  I'.  S.  Dept.  .if  Apriculture,  pp.  13  to 
18;  and  Harter,  in  Bui.  79,  Bur«an  of  Plant  InduBtry,  I',  S.  Dept,  i>t  ARriculture,  pp. 
16  to  23. 

^The  objection  haa  been  made  to  this  method  that  the  period  of  growth  is  too 
short  and  that  the  effect  upon  the  root  tip  does  not  necessarily  represent  the  effect 
u|X)n  the  plant  as  a  whole.  Since,  however,  the  purpose  of  thnse  experiments  is 
merely  to  obtain  a  simple  and  ready  means  of  comparisi)n  of  the  toxicity  of  different 
salts  to  different  plants  under  identical  conditions  and  not  a  measure  of  the  absolute 
limit  of  concent  ration  that  will  permit  the  growth  to  maturity  of  plants  of  a  given 
Species,  It  is  believed  that  the  method  ui^kI  answers  every  purpose  of  this  Investiga- 
tion. When  the  period  is  extended  and  the  effect  upon  tht-  whole  plant  is  taken 
into  conaiileration  so  many  diaturbin);  factors  are  itiirodm-ed  that  reliable  results 
become  difficult  if  not  iinpo«?ible.  Furtliernmre,  since  tlie  i-onditions  of  these 
experiments  are  confessedly  artificial — pure  salt  solutions  rari-Iy,  if  ever,  occurring  in 
nature — little  would  be  gained  by  working  out  tlie  Hinile  of  endurani'e  for  the  entire 
plant  during  a  long  period  of  growth.  In  the  experiments  with  soil  cultures  now  in 
prioress  the  effect  of  the  suits  u]x>ii  the  growth  of  the  whole  plant  during  a  period 
of  several  wi-elis  i^  taken  into  aixM>uiit. 
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10  TOLERANCE   OF   PLANTS   FOR   SALTS   IN    ALKALI   SOILS. 

Table  II. — Limit»of  end-Mrance  of  i-ottun  »r<;^iiig»  of  tailt  of  magnctiitm  and  fodiam. 

I  cniloil  i'oti<TntrnUon<^ 

SalU  um-rt,  Qonypliim  l»rbH- '  ilo»ypiiim  hireu- 

MaffneflJiim  nulphnle 0, 000312  nDrmii  I  0.000312  normal 

NuiiEvlum  L-hlnrid ,  .0004     normal  .(1II03I2  normal 

BiJctiuni  i-nrboiinte !  .OOS       normal  .«Kft     normal 

Sodium  sulpha le 1  .CUft       normal  .(Itti       normal 

Swllum  bicarbODate I  .0(>62S   normal  .003iR   normal 

Sodium  clilorttt j  .00825   normal  .  005615  normal 

The  most  marked  difference  in  resistance  between  the  two  species 
of  UoHsypium  appears  in  the  presence  of  sodium  carbonate  and  sodium 
bicarbonate.  Egyptian  cotton  {Go»»yp)um.  hiirhadimxe)  can  endure 
twice  as  concentrated  a  solution  of  the  carbonate  and  nearly  twice  as 
concentrated  a  solution  of  the  bicarbonate  as  can  Upland  cotton  {O. 
Airmt'/m).  In  resistance  to  magnesium  chlorid  and  to  sodium  chlorid, 
also,  Gossypiiim  barhadenHc  is  slitrhtly  superior  to  G.  hlrmitum. 

RESULTS  WITH   SOBOHUM    (aNUROI'OHON    SOROHUM), 

Four  different  varieties  of  Anilnijiiiyoii  Koryhum,  designated  by  the 
popular  names  of  the  varieties,  were  tested. 

Tamlb  III.- — LimiU  of  endiimiicr  of  xirglium  »redlings  of  tailt  of  miajneniuiii  iiitd  »o<iittm. 


SallHUSiM. 


I      Da«diJi 


Mattneolum  chlorid ^   O.OOfi-Jfi  nonnal  j   CDOS-Kii 

Sodium  rarbonale '.'..J  .OOi^L'5  niiraial  '  '.tO^n  ii 

Sodium  bicarbanalc I  -OW     ixirmal  1  .0125  n 

Sodium  Bulphale -OlA     normal  .013  n 

Sudlum  L'blorld j  .OIH    normal,  .OU  ii 

The  difference  in  toxicity  between  sodium  chlorid  and  sodium  sul- 
phate is  hai-dly  appreciable  in  the  case  of  this  plant.  In  the  presence 
of  magnesium  chlorid  there  is  more  difference  in  resistance  between 
tile  different  varieties  than  in  the  presence  of  magnesium  sulphate. 

All  except  the  Early  Amber  variety  can  endure  a  greater  concentra- 
tion of  sodium  carbonate  than  of  magnesium  sulphate,  and  with  this 
exception  the  order  of  toxicity  of  the  different  salts  is  that  given  in 
the  table. 

The  Dwarf  Milo  variety  of  sorghum  is  on  tiie  whole  less  resistant  to 
the  toxic  influences  of  the  various  salt-*  than  the  ijirly  Amber.  Magne- 
sium chlorid  brings  out  the  most  noticeable  difference  in  this  respect, 
the  Early  Amber  showing  as  much  resistance  to  a  concentration  of 
0.00«'>5  normal  of  this  salt  as  the  Dwarf  Milo  does  to  0.00375  normal. 
To  sodium  bicarbonate  the  Dwarf  Milo  is  more  resistant  than  the 
Early  Amber,    To  the  other  salts  the  two  varieties  are  almost  equally 
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RESULTS    WITH    PURE   aOLUTIllNS.  11 

The  Edra  variety  is  slightly  less  reaUtant  than  the  prececlingvariety. 
It  will  be  noticed  that  thid  rai-iety,  a8  well  as  the  Dwarf  Milo, 
can  endure  a  groater  coocentration  of  sodiuin  bicarbonate  than  the 
Early  Amber,  although  the  latter  is  the  variety  that  is  most  resistant 
to  most  of  the  salt«.  Of  magnesium  chlorid  a  concentration  of  0.006^5 
normal  is  critical  for  the  Early  Amber  variety,  which  is  more  than 
twice  the  concentration  that  is  critical  for  the  Edra  variety,  and  five 
times  that  wbivh  is  <triti<al  for  the  Dagdi  Juar  variety.  The  last  is 
decidedly  the  most  sensitive  of  the  four  varieties.  The  Edra  is  some- 
what more  resistant  than  the  Dwarf  Milo  to  sodium  chlorid,  but  the 
variation  in  resistance  to  this  salt,  as  well  as  to  sodium  sulphate,  is 
very  slight  with  all  the  varieties. 

In  the  case  of  Andropo/jon  forghum  as  in  that  of  Triticum  the  great- 
est difference  in  resistance  among  the  different  varieties  is  shown  in 
the  presence  of  the  more  harmful  salts.  To  the  less  harmful  salts — for 
example,  the  chlorid  and  stilphate  of  sodium — there  is  less  variation  in 
resistance. 

RESULTS   WITH  OATS  (aVE.NA  SATIVA). 


Tabi,8  IV.     Li 

"'•»■■■'■ 

Crlllcal  cncenlraMoniL 

Red  Algerian.     ■      CulbertwTi, 

K           1           1  hal 

O.OOIKT.;  norma    |       0. 000826 norma 
:oii7.i     ilormS    1         :ou»       SorSa 

UasniMiumrblorld.. 

Sad  jam  chlorid 

The  Red  Algerian  variety  of  A  vena  sutiva  can  endure  a  concentra- 
tion of  magnesium  sulphate  three  times  as  great  as  that  which  is 
critical  for  the  Culbert-ion  variety.  There  is  about  the  same  amount 
of  difference  in  resistance  to  magnesium  chlorid,  the  Red  Algerian 
being  again  the  more  resistant.  The  Algerian  variety  is  more  resist- 
ant than  the  CulbertsoM  to  every  salt  except  two  {sodium  carbonate 
and  bicarbonate),  and  in  these  cases  the  difference  is  but  slight.  It  is 
interesting  to  note  that  the  former  variety,  which  came  originally 
from  Algeria,  where  it  is  said  to  be  grown  successfully  in  soils  con- 
taining a  considerable  amount  of  hamful  salt-*,  shows  also  a  greater 
power  of  resistance  to  salts  in  pure  solutions. 

RESULTS   WITH    SUtiAR   BEETS    (bETA  Vl'I.OABLl). 

The  '"Original  Kleinwnnzleben'"  strain  oi  the  .sugar  beet  was 
::ielected  for  use  in  these  experiments. 
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la  TOLEBAKCE    OF    PLANTS    FOR    SALTS    IN    ALKALI    SOII£. 

Table  V. — LimiU  0/ endurance  of  tagur-beet  ifedlingtofmtt*  of  magneiium  and  eodium. 


SalUused. 

*'"";s'.S!i'""" 

S.l«u«rt. 

'^""t^'tl™""'" 

M^n^.™B„l^hBU 

0.0005   norriKl 

Soarum  bio  rbftiale 

0  00-5   norm.1 

sSdlumehffl* 

1 

1 

To  the  sugar  beet  sodium  t^ulphate  in  pure  solution  is  three  times 
us  toxic  us  sodium  chlorid  and  only  a  little  iesa  toxic  than  sodium  c&r- 
bonato.  The  two  magnesium  suits  are  more  than  ten  times  as  toxic  an 
in  sodium  carbonate. 

OOMl'ARISON  OF  RESULTS  wmi  EIGHT  SPECIES  IN   PURE   SOLUTIONS. 

In  Table  VI  are  brought  together  the  results  with  pure  solu- 
tions for  all  the  specien  of  plants  so  far  investigated,  the  figures 
given  being  in  each  case  the  fraction  of  a  normal  solution  repre- 
senting the  concentration  of  solution  that  allows  the  i-oot  tips  of  tkbout 
one-half  the  total  number  of  seedlings  tested  to  retain  their  capability 
of  further  elongation  after  twenty-four  houi-s  of  exposure  to  the 
Kolution. 

Tablb  VI.  —  Critiral  rnneeiitralianf  of  pure  fululioiu  for  eight  fperie»  of  jilantt. 
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The  limits  for  Jfuf/i'm;/"  xatiea  in  i)«re  solutions  were  worked  out 
for  the  two  magnesium  salts  alone,  and  with  these  the  results  are  only 
ai»proximate.  Those  for  Ti-itieiim  ruJijure  were  obtained  by  Harter 
with  the  Ohul  variety  of  wheat.     In  the  case  of  An'ir"jxiit"ti  Konjlmm 
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the  limits  for  the  D&gdi  Juar  variety  are  given;  in  that  of  Avena 
aaiica,  thoae  for  the  Red  Algerian  variety  of  oats;  in  that  of  Gm- 
eypluvi  iarbadennc,  those  for  the  Jannovitch  Egyptian  variety  of 
cotton,  and  in  that  of  Beta  vnlgarix,  those  for  the  Original  Kleinwanz- 
leben  strain  of  sugar  beets. 

A  glance  at  Table  VI  shows  that  not  onlj-  do  the  diflferent  species 
differ  vastly  in  the  absolute  degree  of  their  resistance  to  the  toxic 
action  of  these  pure  solutions,  but  the  ditler  of  toxicity  of  the  several 
salts  varies  considerably  with  respect  to  different  species.  For  con- 
venience of  conipariaon,  the  order  of  toxicity  of  the  six  salts  to  each 
of  the  eight  species  is  stated  in  Table  VII. 

Tabls  Vil.—Onler  of  toxicity  of  the  (liffernit  fiiltg  Ut  fiicli  plmit. 
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A  study  of  Table  VII  shows  that,  witii  the  single  exception  of  maize, 
the  salts  of  magnesium  are  more  toxic  than  thoMC  of  sodium  to  all  the 
plants  tested."  This  exception  is  the  more  remarkable  since  three  other 
plantsof  the  same  family —  wheat,  oats,  and  sorghum — are  included  in  the 
experiments.  In  most  cases  the  sulphate  of  maguesium  is  more  toxic 
than  the  chlorid.  Sodium  carbonate  isfrom  twice  to  four  times  as  toxic 
to  the  white  lupine,  wheat,  and  maize  as  is  the  acid  carbonate  (bicarbon- 
ate), while  to  the  other  plants  it  is  only  slightly  more  toxic  than  the 
latter.  Sodium  sulphate,  which  is  generally  regarded  as  a  less  inju- 
rious component  of  "alkali"  soils  than  sodium  dilortd,  in  pure  solu- 
tions is  more  toxic  to  nearly  all  the  plants  tested. 

Beturning  to  Table  VI  in  order  to  compare  tlie  powers  of  resist- 
ance of  the  different  plants,  we  find  that  maize  is  on  the  whole  decid- 
edly the  most  and  cotton  the  least  resistant  of  them  all.  Wheat 
stands  next  to  maize  among  the  more  tolerant  species,  while  the  beet 
is  on  the  whole  the  least  resistant  after  cotton.  How  difficult  it  is 
to  explain  the  behavior  of  plants  in  relation  to  saline  soils  as  they 
occur  in  nature  on  the  basis  of  such  results  as  these  with  solutions  of 
(single  salts,  is  shown  by  the  fact  that  while  the  sugar  beet  is  one  of  the 
plants  best  adapted  to  soils  of  that  character,  maize  is  generally 
regarded  as  very  sensitive. 


"To  the  Early  Amber  variety  o£  sorghur 
or  quite  ae  toxic  as  the  iiiaftnesiam  salts. 


,  however,  sodium  carbonate  ia  nearly 
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In  tolerance  of  the  two  magnesium  salt",  maize  h(>ads  the  li»t  and 
cotton  come!)  last.  To  magneiiium  sulphate  maize  is  from  thirty- 
six  to  two  hundred  times  as  resistant  as  the  hipine,  five  hundred 
times  as  resistant  as  the  beet,  and  eight  hundred  times  as  resistant  as 
cotton.  Even  among  the  four  Graraincffl  tested  there  is  groat  differ- 
ence in  tolerance  of  this  salt,  maize  being  one  hundred  and  thirty- 
three  timea  as  resistant  as  oata.  Only  less  striking  are  the  differences 
in  tolerance  of  magnesium  chlbrid,  maize,  the  species  that  is  most  re- 
sistant to  this  salt,  enduring  a  concentration  of  solution  two  hundred 
times  us  great  as  that  which  is  critical  for  cotton,  the  least  rosistant 
species. 

Less  striking  results  are  brought  out  in  the  presence  of  the  sodium 
salts,  yet  here  also  marked  differences  in  tolerance  occur.  Maize  en- 
dures three  times  as  much  sodium  carbonate,  ten  times  as  much  sodium 
sulphate,  seven  times  as  much  sodium  chlorid,  and  eight  times  as  much 
sodium  bicarbonate  iis  does  cotton. 

It  is  evident  from  Tables  111  and  IV  and  from  Ilartei's  results  with 
wheat  that  different  plants  have  widely  different  degrees  of  variability 
inside  the  limits  of  the  species  as  regards  resistance  to  .salt  solutions. 
Thus  the  Red  Algerian  oat  is  three  times  as  resistant  to  magnesium 
sulphate  as  the  Culbertsou  variety,  and  of  the  nine  varieties  of  wheat 
with  which  Harter  experimented  some  were  three  times  as  tolerant  of 
magnesium  chlorid  and  of  sodium  carlwnate  as  were  others,"  Of  four 
varieties  of  Andriijxx/on  i«irghinii,  one,  the  Ekily  Anilier  variety,  en- 
dured five  times  sm  great  a  concentration  of  magnesium  chlorid  as  that 
which  was  critical  for  the  D^di  J  uar  variety.  Comparing  two  closely 
related  species  of  the  same  genus,  GoKtj/piuin  hurbadettse  and  O.  hir- 
autiim,  we  find  (Table  II)  that  the  fonnor  ia  twice  as  resistant  as  the 
latter  to  sodium  carbonate. 

BBSULTS  WITH  HIXED  SOLtTTIONS. 

As  we  have  seen,  the  result-;  of  the  exp«.'riments  with  solutions  con- 
taining only  a  single  salt  can  not  be  correlated  with  our  knowledge  of 
the  relative  resistance  of  the  plants  used  when  growing  in  natural 
"  alkali"  soils.  Kearney  and  Cameron  '>  pointed  out  that  the  clue  to 
this  discrepancy  was  to  be  found  in  the  fact  that  in  nature  we  have 
always  to  do  with  a  mixture  of  salts  and  never  with  pure  solutions. 
They  found  that  by  adding  sodium  siilts  to  the  solutions  of  magnesium 
aalts  the  critical  concentrations  of  the  latter  could  lie  i-uiaed  consider- 
ably and  that  the  neutralizing  effect  in  the  case  of  Liiju'mis  alhun  and 
MeJU'itijo  safiift  became  enormous  when  salts  of  calcium  were  added 
to  solutions  of  the  sulphates  and  chlorida  of  magnesium  and  sodium. 

"Hue  Bui.  7«.  Bureau  -it  Plant  In'histry,  U.  K.  J).'i>t.  of  .Vgricultare,  i>|>,  25  anil  27. 
*S('o  Itt-jiort  71,  r.  S.  Dt-pt.  of  Agriculture,  p.  21. 
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NBUTRALIZIMO   EFrBCT   OF   AN    EXCESS   OF  CALCItm   SULPHATE. 

Table  VIII  gives  the  critical  concentrations  of  solutions  for  eiglit 
different  plant  species  in  the  presence  of  an  excess  of  calcium  sul- 
phate. In  the  case  of  Lupinua  alhuSy  Medicago  saiiva,  and  Zea  mays 
these  have  been  worked  out  with  all  six  of  the  salts  used  in  the 
ezperimenta  with  pure  solutions,  while  for  the  other  species  only  the 
limits  for  magnesium  chlorid,  sodium  carbonate,  and  sodium  chlorid 
were  ascertained. 
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In  comparing  the  limits  in  mixed  solutions  as  stated  iu  the  above 
table  with  those  in  pure  solutions  (Table  VI,  page  12),  we  notice 
that  the  order  of  toxicity  of  the  different  salts  is  considerably  altered 
by  the  addition  of  calcium  sulphate,  sodium  carbonate  being  in  every 
case  the  one  that  becomes  most  toxic,  while  the  critical  concentrations 
of  the  sulphate  and  chlorid  of  magnesium  become  in  all  cases  higher 
than  those  of  the  sodium  salbi  except  the  sulphate.  The  neutralizing 
effect  of  calcium  sulphate  is  therefore  much  more  marked  toward 
the  magnesium  than  toward  the  sodium  aalts. 

The  presence  of  calcium  sulphate  tends  very  greatly  to  diminish  not 
only  the  differences  between  different  species  a;*  to  their  tolerance 
of  the  magnesium  and  sodium  salts,  but  also  the  differences  between 
the  latter  in  their  toxicity  to  the  same  species.  The  first  effect  is  most 
strikingly  illustrated  by  the  limits  for  maize  and  white  lupine  in  the 
presence  of  magnesium  sulphate.  The  former  will  endure  a  concen- 
tratioD  of  this  salt  in  pure  solution  from  thirty-six  to  two  hundred 
times  as  great  as  is  tolerated  by  the  latter.  But  when  an  excess  of 
calcium  sulphate  is  added  the  critical  concentration  for  maize  is  less 
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than  twice  that  for  the  white  lupine.  Aa  an  illuHtratioti  of  the  ten- 
dency to  equHlization  of  the  toxic  effects  of  the  different  salts  in  the 
presence  of  calcium  Bulphnte  may  be  mentioned  the  fact  that  in  pure 
solutions  the  sugar  beet  will  endure  fifty  times  as  much  of  sodium 
cblorid  as  of  magnesium  chlorid,  while  the  addition  of  calrium  sulphate 
makes  the  critical  concentration  of  both  salts  the  same  for  this  plant. 
In  some  cases  the  relative  resistance  of  two  plants  is  reversed  in  the 
presence  of  calcium  sulphate.  Thus,  sorghum  is  more  resistant  than 
cotton  to  pure  solutions  of  magnesium  chlorid  and  of  sodium  chlorid, 
but  to  the  mixed  solutions  cotton  is  the  more  I'esistant.  Oats  are  twice 
as  sensitive  as  wheat  to  a  pure  solution  of  sodium  carbonate,  but  to 
sodium  carbonate  plus  calcium  sulphat«  wheat  is  four  times  as  send- 
ttve  as  oats. 

MEUTRALiZING  EFFECT  OF  SMALLER  AMOUNTS  OF  CALCIUM  SULPHATE. 

In  all  of  the  previously  described  experiments  with  mixed  solutions, 
the  solutions  of  magnesium  and  sodium  suits  were  saturated  with  the 
neutralizing  agent  (calcium  sulphate),  which  was  added  in  excess  as  a 
solid. 

It  was  therefore  desirable  to  a-scertain  whether  smaller  amounts  of 
calcium  sulphate  would  not  neutralize  the  toxic  action  of  the  various 
salts  employed  in  pure  solutions.  Two  series  of  experiments  were 
carried  out  to  determine  this  point,  the  first  with  Lupinvs  aih^ia,  the 
second  with  the  Dagdi  Juar  variety  of  Andropogoti  sorghum.  In  the 
first  series  sodium  chlorid  was  selei-ted  as  the  salt  to  be  neutral- 
ized, while  in  the  second  results  were  ol>tained4vith  sodium  chlorid, 
sodium  carbonate,  and  magnesium  chlorid. 


Aqueous  solutions  of  t-alcium  sulphate  of  definite  concentrations 
were  added  in  equal  volume  to  a  solution  of  sodium  chlorid,  the  con- 
centration of  the  latter  being  varied  until  that  was  ascertained  which 
represented  the  critical  concentration  for  the  root  tips  of  the  lupine 
seedlings  in  the  presence  of  the  amount  of  calcium  sulphate  that  was 
added.  A  different  method  was  followed  in  securing  the  maximum 
amount  of  calcium  sulphate  (3.09  grams  per  liter),  an  excess  of  cal- 
cium sulphate  being  in  this  case  dissolved  in  various  concentrations  of 
the  sodium  chlorid  solution  itself, "and  the  latter  boing  then  tested 
until  the  critical  concentration  wji.s  ascertained.  The  limits  for  sodium 
chlorid  in  the  presence  of  different  amounts  of  calcium  sulphate  are 
stated  both  in  grams  per  liter  and  in  fractions  of  a  normal  solution  of 
sodium  chlorid  present  in  the  mixed  solutions  that  were  found  to  be 
critical. 

"Calcium  EDiphate  is  of  course  much  more  solublu  in  a  solution  of  eodium  chlorid 
than  io  pure  water. 


BESULTS   WITH   MIXED   SOLUllONB. 
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We  see  from  these  results  that  tbe  maxitnum  Deutraliziag  effect  of 
calcium  8ulpbat«  upon  sodium  chlorid  in  mining  tbe  critical  concentra- 
tion of  the  latter  for  white  lupine  seedlings  is  reached  when  the  mixed 
solution  contains  0.5  gram  of  the  calcium  salt,  and  that  the  endurable 
concentration  of  sodium  chlorid  can  be  raised  no  further  although  tbe 
amount  of  calcium  sulphate  present  be  increased  more  than  seven 
times.  At  concentrations  below  0,5  gram  per  liter  the  effect  of  the 
calcium  salt  gradually  diminishes.  It  would  be  interesting  to  ascertain 
the  minimum  amount  of  calcium  sulphate  that  can  perceptibly  diminish 
the  toxic  effect  of  sodium  chlorid. 


In  this  series  of  experiments  a  saturated  solution  of  calcium  sulphate 
in  water  was  prepared  and  was  then  diluted  with  distilled  water  to  the 
desired  concentrations.  Normal  solutions  of  sodium  chlorid,  sodium 
carbonate,  and  magnesium  chlorid  were  obtained  and  then  brought 
to  the  concentration  that  is  critical  in  the  presence  of  an  excess 
of  calcium  sulphate  by  diluting  with  the  different  concentrations 
of  the  calcium  sulphate  solution  that  were  used."  The  object  of  this 
series  of  expei-iments  was  to  ascertain  tbe  minimum  amount  of  calcium 
sulphate  which  would  have  as  complete  neutralizing  effect  upon  the 
more  toxic  salts  as  could  be  obtained  by  saturation  with  the  calcium 
salt. 


oStnce  the  normal  solutions  (Mntained  no  calcinn 
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Comi»iring  the  results  a.s  to  sodium  chlorid  given  in  Table  X  with 
those  given  in  Table  IX,  we  see  that,  while  the  concentration  of  that 
Halt  which  ia  critical  for  Lnplnus  alhts  can  be  rai^ied  to  0.2  normal  by 
the  addition  of  calcium  sulphate,  for  Andi'opogon  sorghum  the  limit 
can  be  raised  to  only  0.15  normal.  On  the  other  hand,  the  minimum 
amount  of  calcium  sulphate  required  to  produce  the  maximum  neutral- 
izing effect  is  only  about  one- fifth  as  great  for  the  latter  plant  as  for  the 
former.  Table  X  also  shows  that  the  maximum  neutralizing  effect  is 
obtained  by  widely  different  amounts  of  calirium  sulphate  in  the  case 
of  each  of  the  three  more  toxic 'salt^,  and  that  the  more  toxic  the  aalt 
in  pure  solution  the  greater  is  the  amount  of  c^alcium  sulphate  required 
to  produce  the  maximum  possible  neutralizing  effect. 

If  we  compare  the  limits  of  this  variety  of  Andropogon  sorghujn  in 
pure  solutions,  as  stated  in  column  5  of  Table  III  (p.  10),  with  those 
in  mixed  solutions,  as  given  in  Table  X,  we  observe  that  the  critical 
concentration  of  magnesium  chlorid  can  be  raised  one  hundred  and 
sixty  times  by  the  addition  of  calcium  sulphate,  while  that  of  sodium 
carbonate  can  be  raised  only  three  and  six-tenths  times.  Yet  to  obtain 
the  former  result  less  than  twice  as  much  calcium  sulphate  is  required 
aa  to  obtain  the  latter. 

To  neutralize  sodium  carbonate  as  completely  as  possible,  three  and 
one-half  times  as  much  calcium  sulphate  is  required  as  in  the  case  of 
sodium  chlorid,  although  the  fraction  of  a  normal  solution  representing 
the  critical  concentration  of  the  mixed  solution  is  only  one-seventh  aa 
great  for  the  former  salt  as  for  the  latter.  Six  times  as  much  calcium 
sulphate  is  needed  to  produce  the  greatest  possible  neutralizing  effect 
upon  magnesium  chlorid  as  upon  sodium  ehlorid,  yet  the  critical  con- 
centration of  the  former  in  the  mixed  solution  is  only  slightly  greater 
than  that  of  the  latter. 

That  there  is  no  close  quantitative  relation  between  the  amount  of 
the  more  toxic  salt  present  in  the  mixed  solution  and  that  of  calcium 
sulphate  necessary  to  neutralize  it  is  evident  from  the  fact  that,  in 
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weight  of  salt  per  liter  of  solution,  the  minitnum  amount  of  cak-ium 
sulphate  necessary  to  effect  the  maximum  possible  neutralization, 
as  compared  with  the  amount  of  the  more  toxic  salt  preitent  in  the 
mixed  solution,  is  about  one-third  in  the  case  of  sodium  carbonate,  one- 
fifteenth  in  that  of  magnesium  chlorid,  and  one-eightieth  in  that  of 
sodium  chlorid.  This  is  a  strong  indication  that  the  neutralizing  effect 
is  a  physiological  one,  and  that  it  can  probably  be  satisfactorily 
explained  only  when  the  composition  and  propert;ie8  of  living  proto- 
plasm are  better  understood. 

Prof.  O.  Loew  and  his  students,  in  numerous  papers  dealing  with 
the  "  lime-magnesia  ratio,"  have  thrown  much  light  upon  the  effect 
of  calcium  salts  in  neutralizing  the  poisonous  a<-tion  of  salts  of  magne- 
sium. The  physiology  of  the  decrease  in  toxicity  of  salts  of  sodium 
and  magnesium  brought  about  by  the  presence  of  a  second  salt,  espe- 
cially a  salt  of  calcium,  in  the  solution,  was  discussed  by  Kearney  and 
Oamei-on"  in  connection  with  Loeb's  striking  results  with  marine  ani- 
mals. Osterhout^  has  recently  investigated  this  subject  from  the 
ftointof  viewof  Loeb's  conception  of  a  "physiologically  balanced  solu- 
tion" and  has  shown  that  marine  plants  as  well  as  marine  animals 
are  very  sensitive  to  pure  salt  solutions,  but  thrive  in  solutions  con- 
taining a  mixture  of  salts,  even  when  each  component  is  present  in  an 
amount  that  is  toxic  in  pure  solution.  A  mixture  of  the  more  impor- 
tant salts  present  in  sea  water,  each  at  about  the  concentration  at  which 
it  occurs  in  the  sea,  was  found  to  be  the  best  medium  for  the  growth 
of  marine  algte. 

The  plants  die  much  Boooer  in  a  pure  sodium  chlorid  Boliition  (isotonic  with  eea 
water)  thaa  in  distilled  water.  The  poisonous  effeot  of  the  NaCl  lar^ly  digappe&ra 
if  we  add  a  little  CaClf  *  *  *  In  this  mixture  the  plants  live  nearly  as  long  aa 
in  distilled  water.  Addition  of  KCl  to  this  mixture  enables  them  to  live  longer 
than  in  distilled  water.  Further  addition  of  MgCI,  and  MgSO,  enables  them  to  live 
practically  aa  long  aa  in  sea  water. ' 

8TTHUABT. 

(1)  Different  varieties  of  the  same  species,  e.  g.,  of  wheat  {Tritlcum 
vulgare),  sorghum  {Andropogmi.  mrghum),  and  oats  {Avena  sativa), 
differ  considerably  in  their  powers  of  resistance  to  the  action  of  mag- 
nesium and  sodium  salts  in  pure  solutions. 

(2)  Closely  related  species  of  the  same  genus,  e.  g.,  Egyptian  and 
Upland  cottons  {Goasypium.  iarhadeTise  and  G.  hirsutum),  show  similar 
differences. 

(3)  Great  differences  exist  between  different  plant  species,  even 
when  belonging  to  the  same  family,  in  tolerance  of  pure  salt  solutions, 

"  Report  So.  71,  U.  8.  Dept.  of  Agriculture,  1902,  pp.  40  to  47. 

»Jonr.  Biol.  Chem.,  1:3«3  to  369,  1906,  and  Bot.  Gaz.,  42:127  to  134,  1906. 

<OBterboatinBot.  Gaz.,42;  130(1906). 
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not  only  as  regards  the  absolute  toxicity  of  each  salt  but  also  as 
regards  the  relative  order  of  toxicity  of  the  salts.  Of  the  eight  spe- 
cies used  in  these  experiments  maize  {Zea  mays)  is,  on  the  whole,  the 
most  resistant  to  pure  solutions,  and  cotton  (Gossypium)  the  least. 

(4)  Seedlings  grown  from  fresh  seed  are  much  more  resistant  than 
those  developed  from  older  seed. 

(5)  The  presence  of  calcium  sulphate  in  excess  greatly  diminishes 
the  toxicity  of  the  magnesium  and  sodium  salts  to  all  the  plants 
tested,  the  neutralizing  effect  being  greatest  in  the  ease  of  the  sul- 
phate of  magnesium  and  least  in  that  of  sodium  carbonate. 

(6)  The  addition  of  calcium  sulphate  tends  to  equalize  the  toxicity 
of  the  different  magnesium  and  sodium  salts. 

(7)  As  a  rule,  the  more  sensitive  the  species  to  the  pure  solution 
the  greater  is  the  counteracting  effect  of  the  calcium  salt;  hence,  the 
presence  of  the  latter  tends  to  diminish  the  differences  in  resistance 
shown  by  different  plant  species  in  the  presence  of  pure  solutions. 

(8)  Amounts  of  calcium  sulphate  enialler  than  that  necessary  to  sat- 
urate the  mixed  solution  also  show  a  marked  neutraliidng  effect  upon 
the  more  toxic  salt,  but  the  minimum  amount  of  calcium  sulphate 
capable  of  producing  such  effect  remains  to  be  .determined, 

(9)  For  the  white  lupine  the  presence  of  0.5  gram  of  calcium  sul- 
phate is  as  effective  as  seven  times  that  amount  in  neutralizing  sodium 
chlorid,  while  for  soi^hum  0.1  gram  is  as  effective  as  twenty  times 
that  amount. 

(10)  To  secure  the  most  effective  possible  neutralization  of  sodium 
chlorid  five  times  as  much  calcium  sulphate  is  required  in  the  case  of 
the  white  lupine  as  in  that  of  aorghum,  although  the  limits  for  these 
two  plants  are  approximately  the  same  both  in  pure  sodium  chlorid 
and  in  sodium  chlorid  plus  an  excess  of  calcium  sulphate. 

(11)  While  the  comparative  resistance  of  the  different  plants  to 
pure  solutions  of  the  single  salts  can  in  no  way  be  correlated  with  that 
of  the  same  species  to  the  different  combinations  of  "alkali"  salts 
occurring  in  western  soils,  their  behavior  in  mixed  solutions  shows  a 
much  closer  approach  to  that  observed  under  natural  conditions. 
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LETTER  OF  TRANSMIHAL. 


U.  S.  Depabthent  of  Agricclture, 

BuBEAc  or  Plant  Industby, 

OrFICE   OF  THE   ChIEF, 

Waskinffton,  D.  (7.,  July  U,  1^7- 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled 
"  Sap-Eot  and  Other  Diseases  of  the  Red  Gum,"  by  Dr.  Hermann 
von  Schrenk,  formerly  expert  in  charge  of  the  Mississippi  Valley 
Laboratory  of  this  Bureau,  and  recommend  that  it  be  published  as 
Bulletin  No.  114  of  the  series  of  this  Bureau. 

Acknowledgment  is  made  of  our  indebtedness  to  the  Chas,  W. 
Luehrmann  Hardwood  Lumber  Cranpany  and  to  the  Indiana  and 
Arkansas  Lumber  Company,  both  of  whom  rendered  special  assist- 
ance in  carrying  on  the  work. 

The  accompanying  illustrations  are  e.ssential  to  a  clear  understand- 
ing of  the  text. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  Jahes  Wilson, 

Secretary  of  Agriculture, 
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SAP-ROT  AND  OTHER  DISEASES  OF  THE 
RED  GUM. 


UITBOSUCTTOH. 

The  red  gum  (Liguidambar  atyramfiua)  is  a  tree  which  is  singu- 
larly free  from  fungous  diseases  when  compared  with  other  species 
of  hardwood  trees.  This  comparative  freedom  from  disease  it  shares 
with  many  other  species  of  more  or  less  ancient  geologic  lineage." 

One  of  the  reasons  why  the  trees  are  so  immune  to  the  attacks  of 
fungi  may  be  sought  for  in  the' productioii  of  a  kind  of  gum  or  resin 
which  is  present  in  almost  all  parts  of  the  trees.  The  resin  appears 
as  a  yellowish -brown,  semitranaparent  liquid,  with  a  very  bitter  taste, 
in  wounds  and  on  the  bud  scales  of  our  American  species.  It  is  com- 
mercially known  as  liquidambar  or  copal  balm,  Liquidambar  for- 
moaana  pisduces  a  similar  terebinthinous  resin  and  L.  orientalis  has 
a  similar  aabstance  from  which  the  storax,  another  rfisin  largely  used 
in  China,  is  obtained. 

The  pripcipal  reason  for  the  comparative  immunity  from  disease 
is  probably  the  fact  that  in  the  course  of  its  development  from  the 

■  The  apecles  of  Liquidambar  date  from  ttae  Tertiary  epoch,  during  which 
period  one  species  (L.  caUtomienm)  flourlBhed  on  the  weetern  atopce  of  tlie  Sierra 
Nevada  in  California.  "The  immediate  ancestor  of  the  Interesting  American 
Species  Inhabited  Alasba,  Qreenland.  and  the  mldcontlnental  plateau  of  North 
America,  and  later  was  widely  dlatrlbnted  In  the  Miocene  of  Europe,  where 
bave  been  found  the  traces  of  a  second  species  aimllar  in  the  form  of  Its  leaves 
to  the  present  representative  of  the  genus  In  western  Asia."  (Sargent  C.  S., 
Sllva  of  North  America,  5:7;  1903.) 

Lesquereox  reports  the  same  species  from  the  Miocene  from  Alaska  and  the 
Chalk  BiulTs  of  California. 

Lesquereui  (The  Cretaceous  and  Tertiary  Floras;  Rep.  U.  S.  Oeol.  Survey, 
8 :169 ;  1883)  reports  L.  emvpaeutn  Al.  Br.  from  Wyomiug.  L.  europaeum  was 
very  common  In  the  Miocene  of  Europe.  Lesqnereux  also  describes  L.  tntegri- 
joUum  Lesqu.  from  Ballna,  Kana.  (The  Cretaceous  Flora;  Rep.  U.  8.  Geol. 
Surrey,  6:57;  1874.) 

At  the  present  time  only  three  species  of  Liquidambar  are  known,  viz,  L. 
etyradfiwi  from  the  United  States,  L.  orientalis,  from  southwestern.  Asia  Minor, 
and  L.  formosona,  from  China  and  Formosa. 
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early  Tertiary  period  up  to  the  present  time  a  gradual  elimination 
of  those  individuals  which  tended  toward  becoming  diseased  has 
taken  place.  In  other  words,  the  genus  has  l;>een  tending  more  and 
more  toward  becoming  immune,  because  of  the  survival  of  such  indi- 
viduals as  showed  greater  immunity  to  infection  by  fungi  which 
tend  to  shorten  the  life  "of  the  trees.  The  present  comparative  free- 
dom from  serious  disease  is  therefore  probably  to  be  explained  by  a 
simple  process  of  natural  selection,  which  has  produced  a  race  of 
almost  immune  individuals.  This  evolution  against  disease  is  one 
which  the  red  gum  shares  with  many  other  species  of  ancient  lineage, 
such  as  the  bald  cypress,  the  redwood,  and  the  sycamore. 

The  heartwood  of  the  red  gum  is  comparatively  long  lived  when 
exposed  to  weathering  influences.  It  has  been  used  for  a  great  many 
years  in  the  construction  of  buildings,  where  it  has  served  for  foun-' 
dation  timbers,  and  in  some  instances  in  bridge  construction.  When 
thoroughly  dried  before  being  exposed,  its  length  of  life  is  compara- 
tively great.  Some  instances  are  known  to  the  writer  where  timbers 
of  heart  red  gum  have  served  as  foundations  in  sawmills  in  Arkansas 
for  fifteen  years  or  more.  Railroad  ties  have  been  made  of  red 
gum  in  the  Mississippi  Valley  for  a  good  many  years  and  have  shown 
a  lasting  power  of  from  seven  to  eight  years  or  longer.  (PI.  VII, 
fig.  2.)  Even  the  sapwood,  which,  as  will  be  seen,  is  very  rapidly 
destroyed  by  fungi  when  in  a  green  condition,  can  be  made  to  last 
a  long  time.  See  Plate  VII,  fig.  1,  representing  a  section  of  a  cross- 
arm,  one  of  many  made  of  red  gum  which  had  been  in  service  on  an 
electric -light  line  in  eastern  Arkansas  for  eight  years.  The  country 
in  which  these  cross-arms  were  exposed  has  probably  as  humid  and 
hot  a  climate  as  can  be  found.  In  spite  of  this,  the  timber  shows 
practically  no  change  after  eight  years'  exposure. 

While  the  live  tree  shows  few  diseases,  the  cut  timber,  unless  prop- 
erly handled,  is  very  liable  to  decay.  During  recent  years,  with  the 
increased  quantity  of  gum  timber  cut,  a  number  of  serious  diseases 
have  caused  losses  of  a  severe  character  every  year.  In  the  following 
pages  are  described  some  of  the  diseases  of  the  living  tree  and  a  sap- 
rot  of  the  structural  wood,  with  suggestions  as  to  methods  for  pre- 
venting the  latter. 

SISKASBS  OF  THE  LIVINQ  TBKE. 

As  has  been  stated,  the  living  trees  of  the  red  gum  are  generally 
free  from  very  serious  fungous  diseases.  Those  diseases  that  are 
present  usually  manifest  themselves  in  the  form  of  butt-rots.  There 
are  no  very  serious  diseases  of  the  tops  of  the  trees  nor  of  the  leaves 
or  branches.  Of  the  butt-rots  there  are  several  forms  which  are 
found  almost  wholly  in  older  trees.     Old  trees  when  cut  down  will, 
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in  a  large  majority  of  cases,  be  found  to  have  hollow  butts.  The 
hollow  extends  up  into  the  trunk  from  2  to  15  or  20  feet.  AVhen  cut 
down  the  interior  of  the  hollow  will  be  filled  with  a  more  or  less 
powdery  mass  of  decayed  wood,  a  condition  brought  about  by  the 
joint  action  of  various  boring  insects  and  saprophytic  fungi.  The 
inner  portions  of  the  trunk  are  generally  so  thoroughly  decayed  that 
it  is  impossible  to  rect^ize  any  one  particular  form  responsible  for 
the  destruction.  On  the  border  between  the  sound  wood  and  the 
decayed  portion  a  number  of  definite  forms  of  decay  have  been 
noted,  several  of  which  are  described  below. 

YELLOW    BUTT-ROT. 

One  of  the  commonest  appearances  in  the  butts  of  the  gum  is  a 
form  of  decay  which  renders  the  wood  more  or  less  cheese-like  in 
character  and  turns  the  heartwood  from  red  to  a  yellowish  brown. 
The  wood  is  thoroughly  permeated  by  fine  strands  of  white  fungous 
mycelium,  which  extend  both  longitudinally  and  radially  through- 
out the  wood.  (See  PI.  I,  fig.  1.)  In  advanced  stages  the  wood  is 
soft  and  pulpy  and  can  readily  be  crumbled  into  a  powdery  mass. 
This  form  of  rot  is  the  most  common  one  in  the  butts  of  the  trees, 
and  in  several  instances  was  found  extending  up  15  to  20  feet  into 
the  tree.  In  one  trunk  a  fruiting  organ  was  developing  in  the  hollow. 
The  same  is  a  form  of  Poria.  The  spores  are  very  short  and  snow 
white  in  color.  The  hymenium  adapts  itself  to  the  irregularities  of 
the  decaying  wood. 

A  form  of  decay  is  produced  by  Polyporua  hicidus.  The  decay 
resembles  that  just  described  and  may,  in  fact,  be  the  same.  In  the 
case  of  one  particular  stump  large  sheets  of  white  mycelium  formed 
between  various  annual  rings,  and  the  wood  appears  very  much  firmer 
than  that  in  the  yellow  butt-rot  described  above.  The  fruiting  organ 
of  this  fungus  in  one  case  developed  in  about  two  months  from  the 
time  the  trees  were  cut  down.  The  top  surface  of  the  sporophore 
appears  highly  varnished,  with  numerous  definitely  marked  concen- 
tric layers.  The  lower  surface  is  more  or  less  cream-colored  to  white. 
When  wounded  the  lower  surface  turns  blood  red. 

SPECKLED   ROT. 

A  second  form  of  decay  which  appears  very  commonly  in  the  hol- 
low butts  of  trees  changes  the  wood  into  a  porous  mass  consisting  of  a 
large  number  of  small  cavities  bounded  by  layers  of  sound  wood.  It 
resembles  very  much  the  decay  produced  in  oak  by  various  species  of 
Stereum.  This  form  of  decay,  while  common  in  the  butt,  may  occur 
far  up  into  the  tree.  The  tree  from  which  the  piece  shown  in  Plate 
I,  figure  2,  was  taken  was  decayed  entirely  into  the  center,  as  a  result 
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of  which  condition  the  tree  had  been  broken  off  by  the  wind  at  a  point 
about  12  feet  from  the  ground.  This  form  of  decay  is  very  distinct 
from  the  one  just  described  and  will  always  be  known  by  the  peculiar 
circumscribed  holes  formed  throughout  the  mass  of  the  wood  fibers. 
Only  one  fungus  has  been  associated  with  this  form  of  decay,  and  it 
is  rather  doubtful  whether  this  fungus,  a  Foria,  is  responsible  for  it. 


A  third  form  of  disease  is  found  in  the  center  of  living  gum  trees. 
The  summer  wood  appears  to  be  changed  into  cellulose  in  regular 
layers.  The  wood  as  a  whole  has  a  very  bright  yellow-brown  appear- 
ance, evidently  due  to  the  mycelium  of  the  particular  fungus  causing 
the  decay.  Only  one  tree  answering  this  description  was  found. 
From  its  appearance,  the  disease  seemed  to  extend  about  seven  or 
eight  feet  up  into  the  trunk. 


About  eighty  species  of  fungi  growing  on  the  leaves  and  branches 
of  the  red  gum  have  been  described.  Most  of  these  are  very  incon- 
spicuous, however,  and  do  not  cause  any  very  serious  damage  to  the 
trees.  Among  them  may  be  mentioned  Valsa  liquidambaris  Curtis, 
Seiridium  liguidamharis  B.  &  C,  and  .Septoria  liquidambaria  Cook 
&  Ellis. 

SAF-BOT. 

After  the  trees  of  the  red  gum  are  cut  into  logs  a  number  of 
destructive  fungi  attack  the  sapwood  with  such  rapidity  that  after 
a  very  few  months  the  wood  is  rendered  wholly  worthless.  The  red 
gum  shares  this  susceptibility  to  rapid  decay  of  its  sapwood  with 
many  other  hardwood  and  coniferous  trees.  Of  these  may  be  men- 
tioned in  particular  the  tupelo  gum,  beech,  maple,  swamp  oaks,  and 
loblolly  pine.  There  is  a  large  group  of  fungi  which  thrive  upon 
the  sapwood  of  trees  after  they  have  fallen  and  bring  about  a  kind  of 
decay,  which  may  for  convenience  be  called  sap-rot.  The  sap-rot  of 
the  gum  forms  one  of  the  worst  defects  of  this  valuable  wood  and  has 
resulted  in  very  serious  commercial  losses  during  late  years. 

OCCURHKNCE   OF   THE  DISEASE. 

In  many  regions  where  the  red  gum  is  cut  for  its  lumber  the  logs 
are  sawed  in  the  woods  and  are  then  skidded  either  to  the  railroad  or, 
more  frequently,  to  the  hank  of  some  river.  Where  logs  are  taken 
to  the  mill  by  means  of  a  railroad  and  sawed  at  once  the  sap-rot 
usually  does  not  give  much  trouble.  The  boards  dry  out  in  the  piles 
to  such  an  extent  that  the  growth  of  the  fungus  is  made  impossible. 
Where  logs  are  rafted,  however,  the  sap-rot  will  start  in  the  logs. 
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depending  upon  the  season  of  the  year,  from  one  to  several  weeks  after 
the  logs  are  cut.  When  green  the  red  gum  has  such  a  large  quan- 
tity of  water  in  its  trunk  that  it  will  sink  when  put  into  water,  and  it 
is  therefore  impossible  to  raft  green  red  gum,  even  with  the  assist- 
ance of  lighter  species  of  wood.  For  this  reason  the  logs  are  nsually 
piled  along  the  banks  of  streams  for  five  or  six  months,  or  longer, 
until  they  have  dried  out  to  such  an  extent  that  they  can  be  rafted 
by  the  aid  of  cottonwood  or  other  lighter  logs.  In  almost  all  cases 
the  trees  are  simply  cut  down  and  snwed  into  the  standard  lengths 
(12,  14,  and  16  feet).  The  bark  is  left  on  the  logs.  When  skidded 
along  the  bank  of  the  river  the  logs  are  usually  placed  in  irregular 
close  piles,  most  of  the  logs  lying  directly  on  the  ground. 

The  sap-rot  makes  its  principal  appearance  during  the  months 
from  May  to  October,  and  in  the  extreme  Southern  States,  where  the 
summer  temperatures  are  very  extreme,  and  particularly  in  the  more 
or  less  swampy  countries  where  the  red  gum  grows,  the  development 
of  sap-rot  takes  place  with  great  rapidity.  Logs  which  are  left  on 
the  banks  of  southern  streams  and  examined  during  the  months  of 
July,  August,  and  September  will  appear  blackened  on  the  ends; 
molds  and  toadstools  of  all  kinds  will  be  found  growing  on  the  ends, 
while  the  sap  which  has  exuded  will  look  dark  and  generally  has  a 
sour,  more  or  less  acid,  odor.  The  evidences  of  fermentation  due  to 
yeasts  and  molds  of  various  kinds  have  given  the  cut  surfaces  of  the 
sapwood  a  black,  stained  appearance.  (See  Pli  II,  figs.  1  and  2.) 
Not  infrequently  the  small  sawdust  piles  of  a  species  of  bark-boring 
beetle  are  more  or  less  evident.  Where  the  sawed  ends  are  pointed 
so  that  the  sun  shines  upon  them  during  a  large  part  of  the  day  the 
logs  may  not  show  any  evidences  pf  fungi  or  toadstools,  but  in  almost 
all  cases  the  sapwood  will  look  stained,  and  usually  black,  because  of 
a  surface  mold.  While  it  is  generally  realized  by  lumbermen  that 
the  summer  months  produce  an  inferior  grade  of  "lumber,  it  has 
nevertheless  not  been  found  possible  to  restrict  the  cutting  of  logs  to 
the  winter  period.  The  investment  in  camps,  teams,  etc.,  and  the 
difficulty  of  obtaining  labor  unless  constantly  employed  have  neces- 
sitated operations  extending  through  the  entire  year.  On  that  ac- 
count, although  the  losses  due  to  cutting  the  timber  during  the  sum- 
mer months  have  in  many  instances  been  very  great,  the  cutting  oper- 
ations have  not  been  restricted. 

When  the  logs  have  dried  out  sufficiently  on  the  banks,  they  are 
made  into  rafts  and  are  towed  or  floated  to  the  sawmill.  This 
takes  place  usually  during  December  and  January  when  a  sufficient 
amount  of  water  can  be  obtained.  On  arriving  at  the  sawmill  it 
will  be  found  that  the  summer-cut  logs  manufactured  into  >boards 
show  a  decay  which  has  extended  in  from  both  ends  of  the  log 
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throughout  the  sapwood  for  distances  varying  from  several  inches  to 
several  feet.  When  it  is  remembered  that  the  logs  are  12,  14,  and  16 
feet  long,  and  supposing  that  a  log  is  decayed  in  from  both  ends 
for  a  distance  of  2  feet  or  more,  making  4  feet  or  more  for  one  log, 
it  will  readily  be  seen  that  the  amount  of  loss  incurred  because  of 
this  end  rot  is  very  considerable. 

DESCRIPTION   OF  SAP-BOT   IN   BOARDS. 

The  decayed  boards  present  a  very  striking  appearance.  The  nor- 
mal color  of  the  sapwood  of  the  gum  is  a  light  straw-yellow,  verging 
in  many  cases  into  a  color  which  may  be  called  a  light  brown.  The 
decayed  board  is  characterized  by  a  series  of  various-colored  streaks 
or  lines  distributed  in  an  irregular  manner  from  the  end  of  the  log 
toward  the  middle.  These  streaks  (shown  in  PI.  Ill)  are  light 
orange  in  the  region  of  first  change — the  region  bordering  upon  the 
sound  wood.  When  the  wood  has  decayed  further,  this  color  changes 
to  a  very  light  straw-color,  which  is  almost  white.  Mixed  in  with 
this  white  color  are  distinct  lines  and  patches  having  a  bluish  tinge, 
more  properly  described  as  Payne's  gray.  Here  and  there  sound 
pieces  of  the  brownish-colored  normal  wood  will  appear,  and  where 
the  decay  has  proceeded  to  a  considerable  extent  black  zigzag  lines, 
such  as  are  found  in  many  hardwoods,  extend  from  the  end  parallel 
to  the  wood  iiber  for  2  or  more  inclies  into  the  board.  A  partially 
decayed  board  appears  as  if  irregularly  bleached;  that  is,  it  looks 
as  if  the  action  of  the  fungus  had  destroyed  the  natural  color  of  the 
wood  fiber,  leaving  certain  decomposition  products  in  the  wood 
which  give  it  the  yellow-brown  and  bluish  color.  The  decay  is 
one  of  the  most  striking  which  have  been  found  in  either  hard  or  soft 
woods  and  one  which  it  will  be  almost  impossible  to  mistake  when 
once  seen. 

The  general  consistency  of  the  wood  is  firm  and  solid;  in  other 
words,  the  preliminary  changes  resulting  in  the  color  changes  re- 
ferred to,  while  they  appear  very  striking,  do  not  seem  to  involve 
any  material  disintegration  of  the  wood  fiber.  It  is  only  after  the 
fungus  has  grown  for  a  considerable  distance  into  the  wood — for  2 
or  3  feet — that  a  marked  disintegration  results.  The  wood  then 
becomes  more  or  less  pulpy  and  soft  and  loses  its  firm  (iiaracter. 
If  left  long  enough  the  entire  board  may  become  affected,  and  where 
logs  have  l»een  left  on  the  banks  of  streams  or  in  the  woods  for  a 
year  or  more  the  entire  sapwood  will  become  so  thoroughly  perme- 
ated by  the  mycelium  of  the  fungus  that  it  is  practically  entirely 
destroyed. 
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MICR0800P1C  CHANQEB  IN  DECATED  WOOD. 

The  microscopic  changes  in  red  gum  wood  due  to  various  forms 
of  sap-rot  consist  principally  in  a  destruction  of  the  red  coloring 
matter  of  the  wood  cells.  The  affected  masses  of  wood  appear 
bleached,  as  if  the  fungus  had  dissolved  the  color.  After  the  fungus 
has  grown  in  the  wood  for  some  time,  a  gradual  solution  of  the  cell 
walls  becomes  evident.  Large  masses  of  brown  and  colorless  fungous 
threads  fill  the  cell  lumen.  The  details  of  the  changes  brought  about 
in  the  fiber  are  of  minor  importance  in  this  connection,  and  a 
description  will  be  found  elsewhere. 

THE   FDNGUB   WHICH   CAVBtB  SAP-SOT. 

Freshly  sawed  boards  which  show  the  discoloration  just  referred 
to,  when  piled  in  the  yard  to  season,  generally  contain  sufficient  water 
to  permit  the  fungus  within  the  wood  fibers  to  contii\ue  its  develop- 
ment. It  is  no  unusual  sight  in  piles  which  contain  the  partially 
decayed  boards  to  find  the  fungus  flourishing  on  the  surface  of  the 
boards,  generally  most  profusely  on  the  lower  side,  where  the  sun 
can  not  get  ai  the  surface  and  where  there  is  therefore  more  or  less 
moisture.  After  several  weeks  the  threads  of  the  fungus  will  grow 
out  from  the  white  portions  of  such  boards,  and  after  several  addi- 
tional weeks  the  fruiting  bodies  of  the  fungus  will  form  in  long  lines 
on  one  or  both  surfaces.  (See  PI.  IV,  fig.  2.)  These  fruiting 
bodies  will  likewise  form  in  considerable  number  on  the  ends  of 
affected  boards,  and  In  going  through  a  yard  there  will  be  found  a 
Lirge  number  of  such  boards  with  the  shelf-like  fruiting  bodies  in 
various  stages  growing  out  from  the  ends.  (See  PI.  IV,  figs.  1  and  3.) 
In  making  an  examination  of  the  fruiting  bodies  one  will  find  that 
there  are  a  number  of  fungi  which  apparently  flourish  in  the  sap- 
wood  of  the  red  gum  and  bring  about  the  changes  referred  to  above. 
The  most  frequent  one  is  a  widely  distributed  form  (Polyponis 
udustua).  (PI.  IV,  figs.  1  and  2.)  This  fungus  appears  in  the  form 
of  small  shelves,  either  singly  or  in  groups,  depending  upon  whether 
they  form  on  the  siJe  or  the  end  of  the  planks.  Where  a  plank  is 
lying  horizontally  the  fungus  may  appear  in  the  form  of  extended 
sheets,  one  margin  of  which  will  be  slightly  turned  at  an  angle  of 
90°  to  the  surface  of  the  board,  fonning  a  partial  pileus.  (PI.  IV, 
fig.  2.)  Where  a  large  amount  of  moisture  is  available  in  the  boards 
or  timbers  the  fungus  may  form  large  sheets  from  which  horizontal 
shelves  will  project  which  bear  the  hymenial  layer.  The  shelves  of 
this  fungus  vary  in  size  from  the  smallest  specks  (see  PI.  IV,  figs. 
1,  2,  and  3)  to  extensive  bodies  2  inches  in  width.  The  average  size, 
however,  is  about  a  half  inch  in  width  and  about  the  same  in  depth. 
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The  normal  fruiting  bodies  are  pale  yellow  in  color  on  the  top  and 
a  dusky  brown  on  the  lower  side  of  the  shelves.  The  young  fruiting 
bodies  are  almost  orange  in  color.  The  top  surface  in  ttie  young 
fruiting  body  is  very  soft  and  woolly.  As  the  fruiting  body  becomes 
older  this  woolliness  becomes  more  distinct,  and  in  the  older  forms 
the  top  may  be  entirely  woolly.  There  are,  on  the  other  hand,  numer- 
ous forms  which  are  almost  smooth.  Where  the  fungus  develops  on 
the  underside  of  trunks  in  the  forest  or  between  boards  lying  one  od 
the  other  it  appears  usually  in  the  form  of  extended  sheets,  the  pores 
of  which  point  both  up  and  down,  depending  upon  the  position  of 
the  board.  When  growing  in  the  forest  on  old  logs  the  masses  of 
this  fungus  may  be  found  covering  the  entire  sapwood  for  areas  of 
several  square  feet,  in  which  several  hundred  shelves  will  be  found, 
al!  coming  from  a  flattened  sheet  of  tissue.  Many  of  the  fruiting 
bodies  will  be  united  more  or  less,  but  most  of  them  are  perfectly 
free  at  the  edges.     {PI.  II,  fig.  2.) 

In  freshly  sawed  boards  it  is  not  unusual  to  find  more  than  75  per 
cent  of  the  boards  in  one  pile  forming  the  fruiting  bodies  within  two 
weeks  after  the  boards  are  piled  in  the  stack.  The  outside  of  the 
board  may  appear  perfectly  good,  particularly  when  inspected  on 
the  end,  and  the  only  evidence  that  one  has  to  deal  with  a  defective 
stick  will  be  found  in  the  large  number  of  small  shelves  which  appear 
on  the  ends  of  such  boards.  The  rapidity  with  which  the  fruiting 
organs  will  form  on  the  board  will  perhaps  be  best  shown  by  an 
experiment  made  during  the  post  summer,  ,  A  board,  the  end  of 
which  was  covered  with  thirty  or  more  distinct  fruiting  bodies,  was 
sawed  across  at  a  point  I  inch  in  from  the  end,  leaving  a  perfectly 
smooth  surface.  Three  weeks  later  this  same  board  was  again 
covered  by  some  thirty  or  forty  fruiting  bodies  fully  formed  and 
mature.     This  happened  during  the  month  of  August,  1905. 


BoUtu*  advtta»  Wllld.  Fi.<>  (Flora  Berol..  p.  392,  1787). 

Polyporm  adu»tu»  (Wllld.)  Frlea  (SyBt.  Myc.  1:  363;  1821). 
The  fungus  which  causes  the  sap-rot  of  the  red  gum  has  been 
found  on  almost  all  deciduous  woods.  So  far  as  known,  it  does  not 
grow  on  coniferous  woods.  It  has  been  reported  as  growing  on  the 
wood  of  maple,  alder,  birch,  ironwood,  chestnut,  beech,  ash,  hickory, 
walnut,  red  gum,  mulberry,  magnolia,  sycamore,  poplar,  oak,  locust, 
willow,  tulip,  and  elm.  It  probably  grows  on  fallen  wood  of  other 
hardwood  trees. 

"Only  ft  partial  station  of  the  synonymy  of  the  various  fungi  growing  on 
gum  Is  made  In  tbie  bnlletln.  The  full  diecuraion  of  this  aabject  will  be  found 
elKcwbere. 
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Polyporug  adustiis  has  been  found  practically  all  over  the  world 
in  the  temperate  zones.  It  13  one  of  those  fungi  which  are  not 
adapted  to  any  particular  species  of  wood,  but  flourish  in  almost 
all  hardwoods  of  the  temperate  zones.  It  is  known  to  occur  in 
Patagonia  and  the  Argentine  Republic  in  South  America.  In  Eu- 
rope it  has  been  found  in  Switzerland,  England,  Norway,  France, 
Holland,  Finland,  Denmark,  and  Russia.  In  Australia  it  is  reported 
from  New  SouUi  Wales  and  Queensland.  In  North  America  it  grows 
in  Cuba,  Canada,  and  the  United  States.  In  the  United  States  it 
has  been  found  in  most  of  the  States  east  of  the  one  hundredth 
meridian.  West  of  that  line,  possibly  owing  to  the  prevalence  of 
coniferous  forests,  it  is  not  reported. 

In  the  forests  of  the  southern  Unit«d  States  Polyporat  adu9tut  is 
one  of  the  commonest  of  forms.  In  the  regions  where  the  investi- 
gations herein  outlined  were  conducted  fruiting  bodies  of  this  fungus 
were  common  on  many  tops  and  branches  of  the  red  gum.  They 
were  particularly  prevalent  on  tops  and  branches  of  trees  which  had 
been  sawed  during  the  months  of  April,  May,  and  June.  An  exami- 
nation made  in  this  region  in  October  showed  that  on  a  large  num- 
ber of  the  tops  sawed  several  months  previously  enormous  masses  of 
the  fruiting  bodies  of  Polyporus  advsUa  abounded.  (See  PI.  II, 
fig.  2.)  It  is  therefore  not  surprising  that  freshly  cut  trees  should 
become  affected  with  the  spores  of  this  fungus  within  a  few  days 
or  weeks  after  the  trees  are  felled.  At  the  period  when  the  logs 
are  felled  they  are  full  of  water  and  contain  an  abundance  of  or- 
ganic matter,  thereby  offering  the  very  best  field  for  the  germi- 
nation and  early  development  of  the  wood-destroying  fungus.  The 
large  amount  of  sugar  and  other  organic  compounds  present  is  well 
evidenced  by  the  prolific  development  of  molds  and  yeasts  on  the 
ends  of  freshly  sawed  logs  already  referred  to. 

FBXTXKTIVE   MXASUBBS  AGAIKBT  SAP-BOT. 
PRXVENTtON    IN    TH£   PILE. 

After  the  fungus  has  once  entered  a  log  it  is  practically  impossible 
to  get  rid  of  it.  When  infected  logs  are  brought  into  the  sawmill  and 
boards  are  manufactured  therefrom  growth  will  continue  in  the  piles, 
as  already  mentioned,  unless  elaborate  precautions  are  taken  to  so 
pile  the  boards  that  they  will  lose  their  water  so  rapidly  that  develop- 
ment is  made  impossible  for  the  fungus.  Various  methods  have  been 
tried  from  time  to  time  by  lumber  companies  to  prevent  the  growth 
of  this  fungus.  A  notable  one  consisted  in  the  application  to  the  ends 
of  affected  boards  of  a  thick  solution  of  lime,  the  idea  being  that  it 
might  thereby  be  possible  to  kill  the  SQ-qalled  mold  within  the  board. 
7«»-N9,  114-07-^8  r.„z=dbvG00t^Ie 
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In  R  majority  of  instances  applications  of  this  character  resulted  not 
only  in  absolute  failure,  but  hastened  the  growth  of  the  fungus  by 
preventing  the  evaporation  of  water  from  the  ends  of  the  boards. 
Applications  of  any  chemicals,  such  as  lime,  to  the  outside  of  boards 
can  not  be  too  strictly  condemned. 

The  only  possible  way  in  which  the  growth  of  the  fungus  after  it 
once  is  in  the  boards  can  be  stopped  is,  as  already  stated,  to  reduce  the 
quantity  of  water  in  the  board.  In  order  to  accomplish  this  the 
boards  should  be  piled  in  the  most  open  piles  which  it  is  possible  to 
construct  economically ;  the  spaces  between  layers  should  be  made  at 
least  IJ  to  2  inches.  The  crossing  strips  employed  should  preferably 
be  of  some  wood  other  than  red  gum,  possibly  oak,  and  carefully 
seasoned  before  being  used.  The  use  of  crossing  strips  of  red  gum 
brings  about  a  condition  in  the  surfaces  which  touch  one  another  lead- 
ing to  infection  of  the  crossing  strips,  which,  if  used  again,  may  infect 
boards  which  up  to  that  time  may  have  been  free  from  the  decay-pro- 
ducing fungus.  Individual  piles  should  be  constructed  so  as  to  permit 
the  greatest  possible  air  circulation.  At  least  8  feet  should  be  left  be- 
tween the  piles,  and  preferably  more.  Obstructions  which  would  be 
likely  to  impede  the  circulation  of  the  air,  such  as  the  use  of  flat  boards 
for  the  bracing  of  runways,  should  be  discouraged.  It  was  found,  for 
example,  that  in  one  yard  the  lower  half  of  the  piles,  or,  more  prop- 
erly stated,  that  part  of  the  pile  below  the  runway,  showed  a  very 
much  higher  percentage  of  badly  decayed  boards  (boards  which  had 
deteriorated  over  50  per  cent  after  piling)  than  did  the  part  of  the 
same  pile  situated  above  the  runway.  Tn  laying  out  yards  care  should 
be  taken  to  so  construct  them  that  the  prevailing  winds  blow  down  the 
main  streets  of  the  yard ;  in  other  words,  that  the  direction  of  the 
wind  shall  be  across  the  ends  of  the  boards,  i.  e.,  at  right  angles  to  the 
length  of  the  board.  Where  the  wind  is  allowed  to  blow  in  the  direc- 
tion of  the  length  of  the  board  free  air  circulation  is  impossible,  as  the 
air  circulation  is  constantly  impeded  by  the  crossing  strips  and  by 
succeding  series  of  piles. 

A  marked  improvement  in  respect  to  the  rate  of  development  of 
this  and  other  wood  rotting  and  staining  fungi  was  noted  in  one  yard 
in  which  a  complete  change  in  the  methods  of  piling,  in  line  with 
the  suggestions  just  made,  was  effected.  \Vhere  crossing  strips  are 
to  be  used  again  and  again  it  may  pay  in  many  instances  to  treat 
these  chemically  with  mercuric  chlorid.  For  this  purpose  a  vat  made 
entirely  of  wood  is  constructed.  No  iron  should  enter  into  the  con- 
struction of  the  vat,  as  iron  is  likely  to  precipitate  the  mercury  from 
solution.  Grassing  strips  should  be  piled  in  this  vat  and  clamped 
,  down  so  that  when  the  solution  is  run  in  they  may  remain  submerged. 
A  solution  of  mercuric  chlorid  (corrosive  sublimate),  1  part  of  subli- 
mate to  150  parts  of  water,  is  then,  run  in  and  the  crossing  strips  are 
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allowed  to  Femain  in  thia  solution  for  a  period  of  from  seven  to  ten 
days.  They  are  then  removed  and  allowed  to  dry.  This  treatment 
will  cost  about  4j  cents  per  cubic  foot  of  wood.  Crossing  strips 
treated  in  this  manner  will  practically  last  an  indefinite  period  of 
time,  and  there  will  be  absolutely  no  opportunity  for  communicating 
the  infection  from  board  to  board.^ 

TB8T8  HADB  VOR  PHBVBNTlNa  BAP-SOT  IN  UMS. 

In  view  of  the  ftict  that  the  sporee  of  the  rot  fungus  {Polyporus 
aduatus)  apparently  germinate  on  the  ends  of  freely  cut  logs,  it  was 
thought  that  the  application  of  fungicides  of  one  kind  or  another  to 
the  ends  of  freshly  cut  logs  might  retard  the  germination  of  these 
spores  or  possdbly  prevent  their  germination  altogether. 


In  order  to  teat  the  theory  just  mentioned  a  number  of  living  trees 
were  cut  near  Marianna,  Ark.,  on  June  1,  1905,  and  were  sawed  into 
logs  12  feet  in  length.  These  12-foot  logs  were  in  turn  cut  in  half, 
giving  two  6-foot  logs — a  butt  and  a  top  piece.  The  top  and  butt 
pieces  of  each  12-foat  log  were  kept  together.  One  half  received 
treatment  and  the  other  half  was  left  untreated.  In  the  following 
table  the  12-foot  logs  numbered  in  a  series  are  shown  in  the  first 
column.  The  second  and  third  columns  give  the  numbers  which  were 
assigned  to  the  6-foot  pieces  in  the  experiment,  and  show  in  each 
case  whether  it  was  a  top  (T)  or  butt  (B) . 
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Two  treatments  were  used.  One  set  of  logs  was  treats  with  crude 
Pennsylvania  petroleum  and  another  set  was  treated  with  ordinary 
coal-tar  creosote.  In  each  case  one  half  of  each  12-foot  log  was 
treated  with  either  petroleum  or  creosote  and  the  other  half  left 
untreated. 

The  treatment  was  carried  out  as  follows :  The  petroleum  or  creo- 
sote was  heated  in  a  kettle  to  about  150°  F.  The  liquid  was  then 
applied  to  the  ends  of  the  logs  with  a  whitewash  brush.  Several 
applications  were  made  in  each  instance,  the  second  application  fol- 
lowing the  first  as  soon  as  the  creosote  or  petroleum  had  soaked  into 
the  log.  The  logs  absorbed  both  the  creosote  and  petroleum  very 
readily,  the  petroleum  more  so  than  the  creosote.  The  amount  of 
creosote  or  petroleum  used  was  approximately  about  1  pound  for 
each  log.     Both  ends  of  these  6- foot  logs  were  treated. 

The  only  objection  which  could  be  advanced  against  the  end  treat- 
ment is  that  the  application  of  the  preservative  might  so  retard  the 
evaporation  of  the  water  from  the  ends  of  the  logs  Uiat  a  condition 
would  arise  in  the  wood  immediately  inside  of  the  treated  layer 
most  favorable  for  the  development  of  the  fungous  spores,  should 
these  have  found  entrance  through  the  treated  layers.  The  chances 
for  such  entrances  are  decidedly  good  ones,  because  the  gum  logs 
begin  to  check  very  soon  after  they  start  to  dry. 

Several  years  ago  a  test  was  made  with  loblolly  pine  cross-ties 
treated  with  zinc  chlorid  and  then  with  creosote  to  determine  whether 
the  water  injected  into  the  wood  with  the  zinc  chlorid  would  evapo- 
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rate  through  the  creosote,  and,  if  so,  how  rapidly  this  would  take 
place.  The  following  summarized  table  shows  the  results  obtained,  a 
thousand  cross-ties  being  used  for  the  test ; 

Table  II. — Weiffht  of  railroad  craas-tieg  of  tobloUj/  pine  at  varioua  period* 
after  treatment  with  xinc  chlorid,  followed  hy  creosote,  tJiotting  the  rate  of 
evaporation  of  witter. 
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Lbt. 
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.a 

& 
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It  appears  from  this  table  that  (he  water  evaporated  through  the 
surrounding  creosote  layer,  and  apparently  with  great  rapidity, 
because  sixty  days  after  treatment  the  ties  had  lost  all  of  the  water 
injected  and  weighed  as  much  as  they  did  before  the  treatment. 
With  these  results  in' mind,  it  seemed  probable  that  the  end  treatment 
of  the  green  gum  logs  would  probably  not  retard  the  drying  of  these 
logs  very  materially. 

In  order  to  determine,  however,  whether  the  application  of  the 
petroleum  or  creosote  in  any  way  retarded  the  rate  of  evaporation  of 
water  from  the  perfectly  green  log,  all  the  6-foot  logs  were  weighed 
before  the  treatment.  The  logs  were  weighed  again  August  7,  1905, 
.and  for  a  third  time  January  15,  1906,  The  rate  of  loss  of  the 
untreated  log  and  its  companion  treated  log,'  both  coming  from  the 
same  tree,  is  shown  in  Table  I. 

It  will  be  lioted  that  in  some  cases  tlie  treated  log  lost  more  than 
the  untreated  log;  in  other  cases  the  reverse  was  true.  The  average 
loss  shows  that  the  treated  logs  dried  out  with  almost  the  same 
rapidity  as  the  untreated  ones.  This  goes  to  show  that  the  applica- 
tion of  a  thin  layer  of  petroleum  or  creosote  to  the  end  of  the  log 
practically  does  not  retard  the  evaporation  of  water,  and  consequently 
the  chances  of  fungous  infection  inside  of  the  treated  layer  will  not 
be  greater  in  the  treated,  logs  than  in  those  that  are  not  treated. 


SECOND    BEBIKS    c 


A  second  series  of  tests  was  made  in  the  forest  near  Levesque,  Ark., 
on  August  1, 1905.  A  series  of  freshly  cut  gum  logs  was  selected  on 
the  skidway  and  provided  with  numbers.  In  one  series  the  ends  of 
all  the  logs  were  painted  with  creosote.  Another  set  of  logs  on  a 
subsequent  date  was  painted  entirely  with  petroleum,  A  third  series 
was  untreated.  In  the  fourth  series  only  the  sap  portion  of  the  end 
was  treated  with  petroleum,  and  the  fifth  series  of  experiments  con- 
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sisted  of  painting  only  the  sapwood  with  creosote.  The  bark  was 
left  on  the  logs  in  all  cases,  and  aft«r  the  treatment  the  logs 
were  left  on  fhe  ground  near  the  river,  pointing  north  and  south. 
(PI.  V,  fig.  I.) 

The  following  table  shows  the  number  of  logs  treated  and  the 
manner  of  treatment : 

Tablk  111. — fittmber  of  red  gum  logg  receiving  varfoiM  irealmenU,  August  IS, 
1905. 

Creosotedal]  over.  Nos.  23C25  to  23552. 1 28 

Creosoted.  sapwood  only,  Nos.  23553  to  23S58 6 

Olied  all  over.  Nos.  23558  to  23573 15 

.       Oiled,  sapwood  only,  Non.  23674  tc»  23691 18 

Creosoted,  sapwood  only,  Nos.  23S3S  to  23602 11 

Oiled,  sapwood  only,  Nos.  236603  to  235021 10 

Untreated,  Nob.  23601  to  23624 24 


Believing  that  no  risk  would  be  involved  in  the  treatment  on  a  large 
scale  of  freshly  sawed  logs,  the  lumber  company  was  advised  to  treat 
all  of  its  logs  during  the  past  summer  with  creosote  or  petroleum.  At 
Levesque,  Ark.,  this  treatment  was  carried  out  with  every  log  from 
August  to  October.  It  was  argued  that  untreated  logs  would  cer- 
tainly decay  as  rapidly  as  they  did  during  the  preceding  season;  and 
as  the  preliminary  indications  as  to  loss  of  water  by  treated  logs 
showed  that  the  treatment  did  not  retard  drying,  the  treatment  could 
certainly  do  no  more  damage  than  the  fungus,  and  it  might  do  con- 
siderable good.  On  this  account  all  of  the  logs  cut  at  that  point  were 
treated  with  creosote  or  with  petroleum.  All  of  these  logs  were  piled 
with  those  treated  in  the  second'series.  The  number  of  logs  so  treated 
was  1,769,  having  005,809  feet  B.  M.,  of  which  half  were  treated  with 
creosote  and  the  other  half  with  petroleum. 


The  cost  of  treatment  for  the  experiment  was  as  follows; 
Petroleum  treatment. — For  this  treatment  2  barrels  of  crude  Texas 
petroleum  shipped  from  Houston,  Tex.,  costing  $4.50  a  barrel  at 
Houston  or  $8.35  delivered  at  Levesque,  Ark.,  were  used.  In  addition 
to  the  oil,  brushes  and  pails  were  used  and  a  man  was  employed  to  put 
■  on  the  petroleum.  The  cost  for  the  treatment  may  therefore  be  stated 
as  follows : 

Petroleum,  2  barrels,  at  f8.35  each $16.70 

Brusbes  and  pnlta 5.00 

Labor  of  1  man,  at  $1.25  a  day,  for  8  days _--     10.00 

Totnl - 31.70 

Coat  |ier  Ihousoud  ffet .1048 

114  r.,z.j.,Co(>I^lc 
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Creosote  treatment. — For  this  treatment  2  barrels  of  coal-tar  creo- 
sote were  used.    The  cost  of  this  treatment  may  be  figured  as  follows : 

Creosote,  2  barrels,  at  K  each,  delivered  at  Leveaque flO.  00 

Bmahea  and  palls 5.00 

Labor  of  1  man,  at  (1.2S  a  day,  for  8  days 10.00 

Total 20.00 

Coat  per  tbovisand  feet i-_        .0825 

BBSITLTS  OF  TBHATMBIIT  TO  FBEVBITT  SA^-BOT. 

The  logs  which  had  been  treated  were  left  on  the  river  bank  during 
the  summer  months.  There  was  a  heavy  rainfall  during  August  and 
September,  and  at  times  it  was  very  hot.  The  conditions  for  the 
development  of  sap-rot  were  therefore  very  good.  Two  examina- 
tions were  made  of  the  logs,  one  in  October  and  one  in  January. 

PneLIHINABY  EXAMINATION  OP  TEST  IXXJS. 

A  preliminary  examination  as  to  the  condition  of  the  logs  given 
various^  treatments  was  made  on  October  31  and  November  1,  1905. 
The  following  table  shows  the  condition  of  the  logs  treated  in  the 
first  series: 


Not 


ondlllon  of  Individual  loga. 


Pre«;  check*  mull. 

Free. 

Oneimall  P.  adiuiainnd  ranch  Scbltoph/llun 
.    Free:  check*«mall. 
.    Lower  end  □[oaeildaln  welnwdiui, 
..  Free:  checks nnal]. 
.    Abaolulel;  free  Inon  lungua:  no  check*. 
.    Itee:  checks  aoull. 
.    Lota  of  SchlEophyllDin:  very  Iwd  chnka. 

borne  fuDguB  on  one  end:  check)  amall. 

P.  odmhi*  on  one  end;  vp  very  hluk. 
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r  Hide:  np  looko  blHCk. 
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slight. 
I  Blight 


.  checks  slight. 
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Jog. 

TnMmimt. 

SoUm  OD  the  coadltlon  of  IndlTldiul  log.. 

10767 

fV«»f 
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ss 

sSt"-;;;:; 
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5 

sr?E;;;: 
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JT 
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Blight  achl»phrl1um:  check*  fairlT  Ui«e. 

In  8  general  way  it  may  be  stated  that  the  outside  appearance  of 
the  logs  which  had  had  creosote  applied  to  the  ends  was  superior  to 
those  logs  which  were  treated  with  petroleum  or  those  which  had  been 
left  untreated.  The  creoaoted  ends  looked  reddish  brown  and  were 
bright  in  color,  with  practically  no  sign  of  fungous  growth.  The  logs 
treated  with  petroleum  had  a  moivor  less  dark  appearance,  with  small 
patches  of  fungous  threads  here  and  there,  none  of  which,  however, 
bad  fruited  to  any  extent  when  examined.  The  untreated  logs  as  a 
rule  had  a  black  sapwood.  Numerous  fruiting  bodies  of  the  gray 
fungus  {SchizophyUum  commune)  occurred  here  and  there  on  the 
ends  of  the  logs,  and  in  several  cases  the  fruiting  bodies  of  the  rot 
fungus  {Polyporus  adustits)  were  developing  vigorously. 

An  examination  of  the  logs  treated  in  the  second  series  showed  a 
similar  state  of  affairs.  The  creosoted  logs  were  very  striking  in  their 
appearance  and  could  readily  be  picked  out  among  all  of  the  other 
logs.  Those  logs  which  were  treated  with  petroleum  appeared  black- 
ened, particularly  on  those  ends  which  were  not  exposed  to  the  sun, 
and  many  masses  of  fungous  threads  were  growing  on  the  surface  of 
the  sapwood.  The  odor  of  the  petroleum  was  very  distinct,  showing 
that  it  was  still  present  in  considerable  quantity.  The  untreated  logs 
had  unfortunately  been  coated  with  creosote  about  October  15, 
through  a  misunderstanding.  Their  appearance  was  therefore  some- 
what misleading,  and  no  indications  of  fungi  cduld  be  detected.  In 
order  to  arrive  at  some  conclusions  as  to  what  would  have  been  their 
appearance  had  they  not  been  thus  coated,  careful  examination  was 
made  of  a  large  number  of  top  and  butt  logs,  cut  at  about  the  same 
time  the  experimental  logs  were  cut,  which  had  remained  in  the  forest 
and  which  were,  of  course,  untreated.     The  general  result  of  this 
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ezamination  showed  that  the  ends  of  such  logs  as  were  facing  south 
or  southwest  were  usually  very  dry  and  more  or  less  checked.  The 
ends  not  exposed  to  the  direct  action  of  the  sun  showed  a  darkly 
stained  sap  ring  with  the  fruiting  bodies  of  the  rot  fungus  {Poly- 
porus  adustue)  developing  vigorously,  sometimes  in  but  one  place 
and  in  other  cases  in  ten  or  twelve  places  in  the  sap  ring.  This  indi- 
cates that  in  untreated  logs  the  growth  of  this  fungus  must  begin 
very  soon  aft«r  the  tree  is  felled  and  that  a  considerable  amount  of 
development  takes  place  from  August  to  the  end  of  October,  resulting 
in  the  formation  of  large  masses  of  fruiting  bodies  by  the  end'of  that 
period. 

A  further  difference  which  was  very  marked  between  the  treated 
and  untreated  logs  was  the  character  and  extent  of  the  checking. 
The  untreated  logs  as  a  rule  checked  much  more  than  the  treated  logs. 
Some  of  the  creosoted  ends  showed  practically  no  checking,  and 
where  there  was  any  checking  it  was  as  a  rule  very  slight  indeed. 

FINAL  EXAMINATION    OF  TEST  LOOS. 

The  test  logs  were  again  examined  on  January  16,  1906.  At  this 
time  most  of  the  untreated  logs  showed  more  or  less  indication  of 
rot  at  the  ends.  A  large  percentage  of  the  untreated  ends  had 
masses  of  the  sap-rot  fungus  {Polyporua  adustus)  growing  profusely, 
generally  near  the  lower  side,  where  the  log  was  close  to  the  ground. 
The  ends  treated  with  creosote  appeared  black  and  smooth,  without 
the  sligMest  sign  of  fungous  development.  (PI.  V,  fig.  2.)  The 
ends  tretdbd  with  petroleum  showed  signs  of  disintegration,  and  in 
several  cases  fruiting  forms  of  various  wood-destroying  fun^  were 
growing  on  the  treated  ends. 

The  value  of  the  creosote  treatment  in  preventing  the  growth  and 
development  of  the  sap-rot  fungi  was  shown  very  strikingly  in  these 
treated  logs. 

It  sholild  be  noted,  however,  that  almost  all  of  the  logs,  irrespective 
of  whether  they  were  treated  at  the  ends,  showed  a  development  of 
fruiting  forms  of  the  above-mentioned  fungus  {Polyporua  adustm) 
growing  out  on  the  sides  of  the  logs,  chiefly  on  that  side  which 
touched  the  ground.  In  many  cases  the  sheets  of  the  fungus  covered 
the  bark  for  several  square  feet.  When  the  bark  was  removed  it 
was  found  that  the  wood  under  it  was  badly  decayed,  sometimes 
going  half  through  the  sapwood.  Those  logs  which  had  been  skidded 
so  that  the  air  circulated  under  them  were  practically  free  from  fun- 
gous growth  on  the  outside,  although  in  several  instances  evidences 
were  found  that  the  fungus  was  actually  growing  under  the  bark 
and  had  simply  failed  to  form  fruiting  organs  on  account  of  the 
drying  out  of  the  bark  on  the  outside.     No  material  difference  could 
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be  detected  in  the  various  logs  treated  with  the  creosote  as  re^pnrds 
checking.  The  smaller  degree  of  checking  of  the  end-treated  logs 
compared  with  those  which  had  not  received  any  treatment  was  as 
striking  at  this  examination  as  it  bad  been  in  October. 

An  examination  of  ttejMHid  «rHt  of  logs  treated  at  Levesque  was 
made  impracticable  od  miiwml  of  the  fact  that  the;  had  been 
thrown  into  the  water  and  the  ends  were  generally  covered  with  mud. 
As  these  were  the  Ic^  which  were  sawed  in  the  mill,  however,  a 
good  idea  as  to  the  effect  of  the  treatment  was  (Stained  while  the  logs 
were  being  sawed. 

tt£BnLT8  SHOWN  BT  SAWED  LUHBEB. 

The  logs  which  had  been  treated  in  August  at  Levesque,  Ark., 
were  made  into  a  raft  the  latter  part  of  January,  1906.  The  raft 
was  then  towed  from  the  landing  to  the  sawmill.  The  logs  remained 
in  the  water  altogether  for  a  period  of  about  ten  days.  On  arrival  at 
the  sawmill  a  particular  effort  was  made  to  saw  none,but  the  test  logs 
for  two  days.  As  the  logs  came  up  on  to  the  log  platform  in  the 
mill  a  record  of  the  number  was  made,  and  the  end  of  the  log  was  so 
marked  that  when  any  particular  log  was  placed  on  the  saw  carriage 
it  was  readily  identified  by  the  person  who  stood. behind  the  resaw. 
Three  grades  of  logs  were  marked,  namely,  the  untreated  logs,  thase 
treated  with  petroleum,  and  those  treated  with  the  creosote  oil 
referred  to.  Each  board  as  it  left  either  the  band  saw  or  the  resaw 
was  marked  in  such  a  manner  that  when  the  boards  or  other  lumber 
reached  the  grading  table  the  graders  had  no  difficulty  in  dl^inguish- 
ing  between  boards  which  came  from  either  of  the  three  sets  of  logs. 
The  entire  lot  of  experimental  logs  was  cut  into  lumber.  At  the 
grading  table  this  lumber  was  sorted  and  then  placed  in  separate 
piles  in  the  yard. 

As  the  end  treatment  was  made  with  the  expectation  that  the  devel- 
opment of  the  rot  fungus  might  be  stopped  or  at  least  greatly  retarded 
by  the  application  of  the  preservative  to  the  ends  of  the  logs,  carefiil 
observation  was  made  to  see  how  far  this  treatment  had  succeeded  by 
observing  the  logs  as  they  were  being  sawed  by  the  band  saw.  From 
the  detailed  notes  kept  at  the  time,  the  following  general  statements 
may  be  made :  The  untreated  logs  showed  in  a  very  striking  manner 
how  the  fungus  had  gained  entrance  through  both  ends  of  the  log 
and  had  grown  gradually  toward  the  center.  The  decay  and  dis- 
coloration extended  into  the  log  from  either  end  anywhere  from  1  to 
8  feet.  It  certainly  averaged  IJ  to  2  feet.  It  was  most  marked 
within  the  first  6  or  8  inches  and  extended  out  in  the  peculiar  zigzag 
lines  already  referred  to.  Another  point  which  was  noted  was  that 
not  only  did  this  decay  start  in  from  the  end,  but  it  was  al.so  very 
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marked  for  several  inches  in  on  aU  sides  of  the  log  except  at  such 
plsces  where  the  bark  had  been  accidentally  torn  away,  particularly 
after  the  trees  had  been  felled.  The  diBcolonitioa  due  to  the  growth 
of  the  fungus  through  the  bai^  and  thence  inward  through  the  sap- 
wood  varied  with  the  log.  Those  which  had  a  lai^  percentage  of 
sap  showed  a  more  marked  degree  of  discoloration  than  those  with 
less  sap. 

The  logs  which  had  been  treated  with  petroleum  showed  the  rot 
eveii  more  strikingly  than  the  untreated  logs.  The  first  2  or  3  inches 
in  from  the  ends  of  the  log  were  generally  stained  a  dark  brown  or 
black.  <See  PL  VI,  fig.  2.)  Going  toward  the  middle  of  the  log 
from  the  outer  zone  the  decay  followed  into  the  log  sometimes  3  feet 
or  mote.  What  has  been  said  for  the  untreated  logs  in  regard  to  the 
decay  starting  under,  the  bark  was  true  also  for  the  petroleum-treated 
logs.  The  general  observation  made  while  the  logs  were  being  sawed 
was  that  the  petroleum  treatment  had  been  a  decided  failure;  in 
fact,  the  petroleum-treated  logs  seemed  to  have  decayed  even  more 
than  the  logs  which  had  been  left  untreated. 

The  logs  treated  with  creosote  showed  a  striking  difference  com- 
pared with  both  the  untreated  and  the  petroleum-treated  logs.  AVhile 
the  wood  was  frequently  stained  for  some  2  to  3  inches  at  the  very 
end,  it  was  very  noticeable  that  the  wood  beyond  this  outside  stain 
looked  sound  and  had  a  normal  color.  The  characteristic  discolored 
streaks  found  in  decayed  loga  were  markedly  absent.  (PI.  VI,  fig.  1.) 
The  decay  caused  by  the  entrance  of  the  fungus  through  the  bark, 
that  is,  along  the  sides  of  the  logs,  was  about  the  same  in  the  logs 
treated  with  creosote  as  in  the  untreated  and  petroleum-treated  logs. 

The  general  conclusions  drawn  from  the  observations  made  while 
the  logs  were  being  sawed  were  as  follows: 

(1)  Decay  had  taken  place  with  great  rapidity  in  the  untreated 
logs.  The  evidences  of  growth  of  the  wood-destroying  fungus  were 
very  marked  on  both  ends  of  all  logs,  extending  into  the  same  for  an 
average  of  about  2  feet 

(2)  The  logs  treated  with  petroleum  were  badly  stained  for  several 
inches  in  from  each  end,  evidently  owing  to  the  growth  of  certain 
wood-staining  fungi.  In  addition  to  the  stain  these  logs  were  badly 
decayed  at  the  ends  for  a  distance  of  2  feet  or  more,  showing  that  the 
petroleum  had  evidently  had  no  fungicidal  value  whatever. 

(3)  The  creosote-treated  logs  were  practically  sound;  in  other 
words,  the  creosote  had  retarded  or  prevented  the  growth  of  the  fun- 
gus, and  logs  the  ends  of  which  had  been  painted  with  creosote  showed 
practically  no  evidences  of  any  decay  at  either  end. 

Ah  a  result  of  the  observations  made  while  the  logs  were  being 
sawed  the  conclusion  was  drawn  that  the  creosote  treatment  had  prac- 
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lically  prevented  the  end-rotting  of  the  red  gum  logs,  and  had  theAby 
resulted  in  a  considerable  saving  of  lumber.  This  was  very  evidient, 
because  it  was  practically  unnecessary  to  trim  any  of  the  boards 
which  came  from  the  creosoted  logs,  whereas  the  boards  which  6txatt 
from  untreated  or  petroleum-treated  logs  had  to  be  trimmed  some- 
times for  2  feet  or  more  at  each  end  to  cut  off  the  decayed  portion. 

Because  of  these  preliminary  results,  the  lumber  company  has  since 
that  time  been  treating  the  ends  of  all  its  logs  during  the  summer 
months  by  giving  them  a  coating  with  coal-tar  creosote,  essentially 
as  previously  described,  and  the  results  obtained  from  the  preliminary 
experiments  just  described  have  been  borne  out  practically  since  that 
time. 


The  experiments  described  in  the  foregoing  pages  dealt  with  the 
sap<rot  as  far  as  it  attacked  the  logs  from  the  ends.  While  the  end 
sap-rot  is  usually  the  worsb  form  of  this  rot,  the  disease  is  by  no 
means  confined  to  the  cut  surfaces  of  logs.  After  a  log  has  been  lying 
on  the  ground  for  some  weeks,  the  bark  dries  more  or  less  and  small 
cracks  will  form  here  and  there.  Through  these  cracks  the  spores  of 
the  sap-rot  fungus  will  enter,  and  in  a  short  time  the  fungus  will  have 
begun  decaying  the  wood,  with  this  crack  as  a  starting  point.  Vari- 
ous beetles  will  puncture  the  bark  shortly  after  the  trunks  are  felled, 
and  spores  will  get  in  through  the  holes  which  they  make.  The  bark 
prevents  the  evaporation  of  water  from  the  wood,  and  after  the  sap- 
rot  fungus  has  once  entered  the  wood  under  the  bark  it  finds  almost 
ideal  conditions  for  the  most  rapid  growth  and  development.  Logs 
which  have  been  lying  in  the  woods  for  several  months  will  very 
frequently  be  decayed  for  from  1  to  6  inches  through  the  sapwood, 
either  in  spots  or  throughout  the  entire  length  of  the  log.  The  longer 
a  log  lies  in  the  woods  the  more  advanced  the  decay  will  be.  The 
sapwood  of  many  logs  will  be  wholly  decayed  after  six  months. 

The  growth  of  the  sap-rot  fungus  can  be  very  much  retarded,  if 
not  entirely  prevented,  by  peeling  the  logs  as  soon  as  possible  after 
they  are  felled.  Logs  which  have  been  peeled  will  dry  out  very 
rapidly,  and  when  the  outer  layers  are  air-dried  the  chances  for  infec- 
tion by  the  spores  of  the  sap-rot  fungus  will  have  been  reduced  very 
materially.  The  peeling  of  logs  is  recommended  wherever  practi- 
cable for  logs  cut  from  April  to  November,  the  period  when  the  trees 
are  in  a  growing  condition.  Logs  cut  during  the  late  autumn  and 
winter  will  remain  sound  so  long  that  peeling  may  be  dispensed  with. 
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As  was  stated  under  an  earlier  heading,  the  wood  of  the  living  red 
gum  is  so  full  of  water  that  it  is  impossible  to  float  green  logs.  It  is 
on  this  account  that  freshly  cut  logs  have  to  be  kept  on  the  river 
banks  until  they  are  at  least  partially  seasoned.  If  there  was  any 
method  by  which  such  logs  could  be  dried  out  more  rapidly,  the 
chRnces  for  the  development  of  the  sap-rot  fungus  would  be  very 
materially  reduced. 

It  is  an  old  saying  among  lumbermen  that  logs  can  be  dried  by 
allowing  the  leaves  to  dry  on  a  felled  tree  before  sawing  the  tree  into 
logs.  While  the  writer  has  often  heard  this  statement  made,  as  far 
as  it  applies  to  .felled  logs  he  has  so  far  been  unable  to  find  any  place 
where  this  method  has  been  or  is  being  put  to  a  practical  test.  The 
practice  of  girdling  standing  trees  has  practically  the  same  effect. 
In  the  cypress  forests  of  the  South  the  trees  are  girdled  in  the  early 
winter  so  as  to  cause  a  partial  evaporation  from  the  tops.  When 
these  logs  are  cut  during  the  following  summer  a  sufficient  amount  of 
water  has  evaporated  from  the  standing  trunks  so  that  in  a  majority 
of  cases  the  logs  can  be  floated. 

The  red  gum  is  a  tree  in  which  the  drying  out  of  the  trunk  by 
means  of  the  leaves  offers  particularly  favorable  conditions.  It  was 
noted  that  when  a  green  tree  is  cut  down  the  leaves  remain  stiff  and 
turgid  for  many  days,  and  this  even  in  the  hottest  weather  in  June 
and  July.  The  explanation  of  this  turgidity  may  be  about  as  fol- 
lows: When  a  tree  is  cut  down  the  evaporation  of  water  from  the 
leaves  will  continue  for  a  time,  the  duration  of  this  evaporation 
depending  upon  the  amount  of  water  in  the  leaves.  In  most  broad- 
leaved  trees,  owing  to  the  fact  that  water  evaporates  from  both  the 
upper  and  lower  surfaces,  the  leaves  dry  very  soon  after  the  tree  is 
cut  down.  The  rate  at  which  water  can  pass  from  the  smaller 
branches  to  the  leaf  petiole  and  thence  to  the  leaf  is  very  much  slower 
than  the  rate  at  which  the  water  evaporates  from  the  leaf  surfaces. 
As  a  result  the  leaves  soon  drop  and  dry  up.  In  the  red  gum,  how- 
ever, only  one  of  the  surfaces  of  the  leaf,  tlie  lower,  is  provided  with 
stomates  so  that  the  evaporation  of  water  takes  place  only  from  one 
surface  and  that  the  most  protected  one.  The  rate  at  which  water 
passes  from  the  trunk  to  the  branches  and  thence  in  time  to  the 
smaller  branches,  leaf  petioles,  and  the  leaves  is  evidently  very  nearly 
the  same  as  that  at  which  the  water  evaporates  from  the  leaf  surface. 
For  this  reason  the  leaves  remain  green  and  turgid  for  a  compar- 
atively long  time. 

Taking  this  view  of  the  case,  the  leaves  may,  in  a  crude  way,  be 
compared  to  so  many  little  pumps  which  are  slowly  pumping  the 
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water  out  of  the  trunks  into  the  branches  and  out  into  the  air.  What 
the  actual  rate  of  evaporation  from  the  leaves  is,  and  how  much 
water  is  actually  removed  from  the  trunks,  is  as  jet  unknown. 
Careful  measurements  to  determine  this  fact  are  now  in  progress. 

In  order  to  see  whether  there  was  any  practical  result  to  be  ob- 
tained by  giving  the  leaves  a  chance  to  pump  out  as  much  water  as 
they  would,  the  following  experiment  was  made  during  the  past 
summer:  About  twenty-five  trees  were  cut  down  in  August,  and 
instead  of  sawing  the  timber  into  logs  immediately  after  felling  them 
they  were  left  intact  until  the  leaves  had  become  absolutely  shriveled 
and  dry.  This  took  some  two  weeks  or  more.  Aftei*  that  the  trunks 
were  cut  into  logs.  These  logs  were  skidded  to  the  river  just  as 
other  logs  were  skidded.  One  or  more  rolled  down  the  bank,  and 
instead  of  sinking,  as  a  red  gum  log  usually  would  after  but  two 
weeks'  seasoning,  these  logs  floated.  They  did  not  float  very  high 
out  of  the  water;  still  they  floated.  The  leaf-seasoned  logs  were 
made  into  a  separate  raft  and  were  brought  to  the  sawmill.  It  was 
noted  that  they  floated  1  or  2  inches  higher  out  of  the  water  than  was 
usually  the  case. 

After  they  were  sawed  a  number  of  boards  were  taken  at  random 
from  the  leaf-seasoned  logs  and  a  similar  number  from  ordinarily 
seasoned  logs.  These  were  carefully  measured  and  weighed,  care 
being  taken  to  separate  sap  and  heart  boards.  The  resulting  average 
weights  per  cubic  foot  are  shown  in  the  following  table : 


L«r-Ma»ned  lumber. 

OnIliiKllr«eMoned 
lumber. 

FmtuU.    1    Pound: 
M,7               S0.0 

-^■^    1S3: 

The  results  in  this  table  show  that  the  boards  from  leaf-seasoned 
logs  were  very  much  lighter  than  those  from  logs  seasoned  in  the 
ordinary  manner.  Both  heartwood  and  sapwood  of  the  ieaf-seasoned 
logs  are  lighter  than  water."  AVhile  the  experiment  is  but  a  crude 
one,  the  results  obtained  therefrom  are  believed  to  be  absolutely  trust- 
worthy. The  testimony  of  e,xperienced  mill  men  who  floated  the 
leaf-seasoned  logs  bears  out  the  evidence  shown  in  the  table.  It  may 
be  objected  that  it  will  be  an  expensive  matter  to  saw  down  trees  and 
leave  them  to  dry,  and  then  to  go  back  several  weeks  later  to  cut  off 


"  Water  at  OJ"  F.  weighs  (12.355  pouuds  to  the  cubic  foot 
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the  branches.  While  this  is  certainly  true,  the  expense  may  be  justifl- 
able  if  one  can  reduce  the  time  of  holding  the  logs  on  the  river 
bank  and  thereby  reduce  the  chances  of  fungous  attack. 

The  leaf  seasoning  may  not  always  be  practicable,  but  the  reisults 
of  the  experiments  of  the  summer  of  1906  were  so  encouraging  that 
extensive  tests  with  red  gum,  tupelo  gum,  and  water  oak  are  now  in 
progress. 

OTHEB  8AP-B0T8  OF  THE  BED  QVX. 

In  addition  to  the  sap-rot  described  in  the  preceding  paragraphs, 
there  are  a  number  of  other  fungi  which  grow  on  the  sapwood  of  the 
red  gum  with  great  rapidity. 

HAIRY   SAP-ROT    {POLYBTICTDS   HlRBTnTTS). 

Of  the  more  important  sap-rots  the  following  may  be  mentioned: 

Polystictug  hir»utus  (Wulff)  Fries. 

Boletus  kirautus  Wulff  Jacquin's  Coll.,  2 :  149 ;  1795. 

Polystictug  kirautus  (Wulff)  Fries  (Syst.  Myc,  1:367;   1836). 

This  fungus  resembles  in  many  respects  the  sap-rot  fungus  (Polyp- 
oras  adustus)  previously  described.  It  appears  very  much  as  does 
this  form  on  the  ends  of  the  freshly  sawed  boards  (PI.  IV,  fig,  8), 
on  crossing  strips,  and  on  timbers.  It  is  easily  distinguished  from 
the  preceding  form,  however,  by  its-  marked  zonated  appearance  on 
the  upper  surface  of  the  fruiting  body.  The  fruiting  bodies  are 
very  much  more  distinct,  although  a  large  number  may  occur  in 
groups  on  the  same  board,  on  the  sides  or  on  the  ends.  The  upper 
surface  of  the  fruiting  body  is  very  hairy  (hence  the  name  of  the 
fungus) ,  and  is  marked  by  a  series  of  very  distinct  concentric  zones, 
the  alternate  ones  being  a  dark  red-brown  in  color.  The  intervening 
ones  are  a  yellowish  color.  The  under  side,  instead  of  being  a 
smoky  brown,  as  in  Polyporus  adustu^,  is  4ight  straw-yellow.  The 
pores,  which  in  Polyporus  adustus  are  very  minute  and  practically 
indistinguishable  to  the  naked  eye,  are  very  large  and  distinct  in  the 
fruiting  body  of  the  Polystictua  kirsutus.  When  growing  in  the  for- 
est on  tops  and  branches,  this  form  may  grow  to  be  very  large,  some- 
times 1^  to  2  inches  in  diameter,  or  even  larger.  Several  hundred 
fruiting  bodies  are  usually  found  together  on  old  logs,  where  they 
form  one  of  the  most  common  fungi  of  the  hardwood  belt.  Poly- 
stictus  hirautua,  besides  occurring  on  the  red  gum,  is  found  on  almost 
all  species  of  oak,  hickory,  ash,  maple,  chestnut,  and  other  hard 
woods.  It  is  widely  distributed  over  the  eastern  part  of  the  United 
States  and  has  been  reported  from  South  America  and  from  several 
countries  in 'Europe,  Asia,  and  Australia. 
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The  h&iry  fungus  causes  a  form  of  decay  in  the  sapwood  of  the 
red  gum  which  is  practically  indistinguishable  from  that  caused  by 
Polyporus  aduatua.  In  manner  of  entering  the  logs,  both  throu^ 
the  ends  and  through  the  bark  of  the  gum,  it  is  similar  to  the  sap-rot 
fungus.  It  differs  from  the  latter  in  its  rate  of  growth,  which  is  by 
no  means  as  rapid.  In  lumber  piles  it  grows  vigorously  and  forms 
fruiting  bodies  on  the  ends  of  boards,  much  as  has  been  described  for 
PolyporuB  aduatu8. 

The  preventive  measures  to  be  taken  against  this  fungus  are  the 
same  as  for  the  sap-rot  fungus.  The  two  usually  appear  side  by 
side,  and  for  practical  purposes  they  need  not  be  separated. 

PORIA   aCBACIDA." 

The  fungus  Poria  mbacida  Peck  is  frequently  found  on  red  gum 
boards  after  they  have  been  stacked  in  piles.  It  is  particularly  com- 
mon on  the  crossing  strips,  which  it  destroys  rapidly.  From  the 
crossing  strips  the  threads  of  the  fungus  grow  into  the  boards  on 
both  sides  and  form  sheets  of  whit«  felt  in  the  space  between  the 
boards  and  the  crossing  strip.  The  color  of  the  red  gum  is  destroyed 
by  this  fungus,  so  that  after  boards  are  removed  from  the  stacks 
they  will  be  discolored  wherever  they  touched  a  crossing  strip. 
Where  boards  lie  in  piles  for  a  longer  period  this  fungus  may  jjene- 
trate  throughout  the  sapwood,  which  is  in  time  reduced  to  a  spongy, 
whit«,  decayed  mass.  In  the  forest  Poria  subacida  is  found  on  old 
branches  and  tops.  It  is  not  of  as  much  commercial  importance, 
however,  as  either  of  the  two  fungi  previously  described.  Where 
oak  crossing  strips  are  used  little  trouble  should  be  experienced  with 
this  form. 

OTHER   FORMS   CAOBINO   DECAY    OF  THE   SAPWOOD. 

While  the  four  fungi  already  referred  to  are  the  ones  most  fre- 
quently found  destroying  the  sapwood  of  the  red  gum,  there  are 
numerous  others  of  minor  importance.  Among  those  are  Lentinus 
lecomtei  Fr.;  Lemites  hetuUna  (L.)  Fries;  Lemitea  hicolor  Fries; 
Lemites  comigata  Klotsch;  Polyatictua  einnaharina  (Jacq.)  Fr. ; 
Polt/atictus  sanguineus  (L.)  Meyer;  Schizophyllum  commune  Fries; 
Poria  vaporaria  Fr.;  Polyatictua  versicolor  (L.)  Fr.;  Polyatictua 
gih'ua  Schw.;  Polyatictua  pergamenvs  Fr.;  Trametes  aepium  Berk.; 
Stereum  fasciatum  Schw. ;  Sterevm  gavaapatvm  Fries. 

oRepL  New  York  State  BotanlMt.  38:  92;   ISSL 
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DECAY    or    THE    HEABTWOOD    OF    THE    BED    OVU. 

As  was  stated  in  a  previous  paragraph,  the  heartwood  of  the  red 
gum  has  a  length  of  life  very  much  greater  than  is  usually  believed. 
While  this  timber  has  not  been  used  to  any  very  large  extent  untii 
recent  years,  its  comparatively  high  resisting  power  to  atmospheric 
disintegration  and  to  fungous  attack. should  make  it  an  increasingly 
valuable  wood  for  many  purposes  requiring  exposure  to  weathering 
action.  Plate  VII,  figure  1,  shows  a  section  of  a  cross  arm  which  had 
been  exposed  on  an  electric  light  line  for  eight  years.  It  will  be  noted 
that  the  arm  is  still  in  almost  perfect  condition.  Plate  VII,  figure  2, 
shows  a  section  of  a  red  gum  cross-tie  which  had  been  in  constant 
service  in  a  road  in  northern  Louisiana.  About, 1,500  ties  of  heart 
red  gum  were  laid  in  1897.  After'  five  years  30  per  cent  were 
removed,  and  at  the  end  of  six  years  15  jier  cent  more  were  taken  out. 
In  the  year  1908  there  were  20  per  cent  still  in  service.  Tlie  average 
life,  therefore,-was  about  7J  years.  This  is  practically  as  long  and, 
in  fact,  somewhat  longer  than  white  oak  would  have  lasted,  when  one 
takes  into  account  the  fact  that  the  region  where  the  ties  were  in 
service  is  one  of  high  rainfall  and  subtropical  temperature.  The 
section  of  cross-tie  illustrated  in  Plate  VII,  figure  2,  shows  the  begin- 
ning of  decay  at  the  bottom,  but  the  wood  is  still  comparatively  sound 
for  the  larger  part. 

Similar  instances  of  long  life  have  been  frequently  recorded  for 
the  heartwood  of  the  gum  where  it  has  been  used  for  paving  blocks, 
foundation  timbers,  piling,  and  other  purposes  requiring  longevity. 
So  far  as  known  to  the  writer  there  is  only  one  fungus  which  actively 
attacks  the  heartwood  and  destroys  it,  and  this  form  does  not  seem 
to  be  at  all  common.  The  decay  induced  by  Lensiies  vialis  Peck 
changes  the  wood  of  the  gum  into  a  dry,  brittle  mass,  which  can  be 
rubbed  into  a  fine  powder  when  pressed  between  the  fingers.  The 
spores  of  the  fungus  enter  the  wood  through  season  checks.  On 
Plate  VIII,  figure  1,  is  shown  an  end  view  of  a  tie  which  had  served 
a  great  many  years  in  one  of  the  southern  railroads.  The  fruiting 
bodies  of  the  fungus  are  developed  on  this  timber.  Plate  VIII, 
figure  2,  shows  a  section  of  this  tie  6  inches  in  from  the  end.  It  will 
be  noted  that  it  is  almost  entirely  decayed,  with  the  exception  of  the 
region  immediately  exposed  to  the  air. 

Of  other  heart-rot  fungi,  only  two  nee<l  be  mentioned:  PoJyporiis 
lacievs,  and  what  appears  to  be  an  undescrilied  species  of  Trametes. 

SAP-KOr   OP  THE  TUPELO  aUM,  SWAUP  OAK,    AND   MAPLE. 

The  sapwood  of  many  other  trees  is  destroyed  by  %'arious  fungi 
in  a  manner  very  similar  to  that  described  for  the  sapwood  of  the 
red  gum.     In  the  region  of  the  Mississippi  Valley  the  timbers  which 
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are  particularly  affected  by  the  sap-rot  in  addition  to  the  red  gum  are 
the  tupelo  gum,  swamp  oak,  and  maple.  Of  these  three  timbers,  the 
tupelo  gum  is  the  one  which  is  most  seriously  affected.  The  trees  are 
attacked  by  a  number  of  sap-rotting  fungi  very  shortly  after  they  are 
felled,  particularly  if  the  trees  are  c.i\t  in  the  months  from  ilarch  to 
October.  The  rate  of  destruction  of  the  sapwood  by  these  fungi  far 
exceeds  that  found  for  the  sapwood  of  the  red  gum.  The  destruction 
of  the  sapwood  of  the  tupelo  gum  by  these  fungi  is  so  serious  that  it 
has  been  found  impossible  to  pile  logs  of  tupelo  gum  on  the  banks  of 
southern  rivers  for  the  purpose  of  drying  them  so  that  they  can  be 
floated  during  the  months  from  March  to  October;  wherever  such 
piling  has  been  tried  the  sapwood  has  rotted  so  rapidly  that  the  timber 
was  rendered  practically  valueless.  The  fungi  which  are  pacticularly 
active  in  destroying  the  sapwood  of  the  tupelo  gum  are  the  following: 
Polyporus  kirsutus,  Polyponts  versicolor,  and  Polypoi'uH  clnruihanna. 
Extensive  experiments  are  now  in  progress,  the  object  of  whicli  will 
be  to  devise  a  method  for  reducing  the  destructive  effects  of  these 
forms. 

SmCUABT   AND  BECOmiENSATIONS. 

1.  The  sapwood  of  the  i-ed  gum  is  destroyed  with  great  rapidity  by 
several  sap-rotting  fungi.  The  decay  caused  by  these  fungi  may  be 
called  "sap-rot." 

2.  These  fungi  grow  mast  rapidly  during  the  spring  and  summer 
months.  They  enter  mainly  through  the  ends  of  logs  piled  on  the 
banks  of  rivers. 

3.  Sap-rot  may  be  prevented  by  shortening  the  drying  period  in  the 
woods,  either  by  hauling  logs  by  rail  or  by  reducing  the  moisture  in 
the  log.  This  may  possibly  lie  accomplished  by  felling  the  gum  trees 
without  sawing  them  into  logs  and  leaving  them  in  the  forest  until 
the  leaves  are  thoroughly  dry.  The  amount  of  water  evajwrated  by 
the  leaves  before  they  dry  may  be  sufficient  to  permit  of  floating  the 
logs  cut  from  such  loaf-seasoned  trees. 

4.  The  sap-rot  may  likewise  l>e  almost  entirely  prevented  by  coat- 
ing the  ends  immediately  after  the  logs  are  cut  with  hot  coal-tar 
creosote.  The  cost  of  this  treutnicnt  is  about  8  cents  a  thousand  feet, 
board  measure. 

0.  Wherever  possible  all  freshly  cut  logs,  particularly  such  as  are 
cut  during  Ihe  spring  and  summer  months,  should  be  peeled. 

fi.  The  heartwood  of  the  red  gum  is  comparatively  resistant  against 
decay. 

7,  Sap'rols  similar  to  those  which  are  found  in  the  red  gum  are 
found  in  the  tupelo  gum,  swamp  oak,  and  maple. 
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SESCBIFTIOM  OF   FLAT£S. 

Tlate  I.  Henrt-rotfl  of  livhiK  I'eil  guiu.  KIg.  1. — Itiitlliil  iw<.-tioii  or  heiirtwood 
or  red  gum  iiffeflwl  wltli_  yellow  bntt-rot.  V\g.  :i. — Timgetitlnl  Hectlon  of 
beartwood  of  red  gum  iiffetted  witb  sjieokled  rot. 

Plate  11.  L'ntreiitat  rvd  gum  lojjs  uffefted  wItb  sap-rot.  Pig.  1.— Top  of  red 
guui  log  n'lileb  lins  b^cn  t.vitig  in  Hie  wooda  for  two  iiuuimer  inonthn.  ubotvlng 
blackened  aaiiwood.  Fig.  2. — Il«J  gum  log  which  hns  been  lying  lu  tbe 
woods  for  Hve  wnrni  niontlix,  sLowliig  Inrge  numbers  of  fruiting  bodlett  of 
the  Ba|)-rot  fungus  (I'oluporiiii  ailustuH.) 

Plate  III.  S)ii>-lx>ard  of  red  gum  affected  wltb  sap-rot  Tbe  upper  piirt  of  tbe 
flgiire  Hhows  tbe  uoriually  colored  wood  of  tbe  gum.  The  loiver,  bleached 
jiiirt  of  tbe  Qgure  represents  tbe  end  of  tbe  board  aud  shows  liow  tbe  fungus 
dlHCoiors  It. 

Plate  IV.  Fruiting  bodies  of  tuugi  causing  sap-rot  of  red  gum.  pbotograpb«l 
from  Iwurds  in  lumber  plies.  Fig.  1. — Saj)- rot  fungus  IPoIuporus  ailvuluii) 
growing  on  ends  of  red  gum  lumlier  in  pile  for  eiglit  weeks.  Fig.  2.^Snp-rot 
fungus  {FulvitnruK  oi}vMh»)  growing  on  red  gum  board  In  pile  for  elgbt 
weeks.  Fig.  ;t.— Hairy  Bai>-rot  fungus  (Folyntirtim  hirsutiis)  on  red  gum  lu 
pile  tor  three  months. 

Plate  V.  Eed  gum  l(«s  showing  effect  of  creosote  treatment.  Fig.  1.— Yard  of 
lugs  nt  I.evesque.  Ark.,  five  months  after  treatment.  Fig.  2. — Logs  five 
montbs  nfter  treatment,  showing  total  abseuct-  of  H;ip-rot. 

Plate  VI.  Red  gum  boards  showing  effect  of  treatment  with  creosote  aud  with 
jwtroieum.  fig.  1. — Two  boards  cut  from  different  logs  treated  with  coal- 
tar  creosote.  The  ends  of  the  resiiective  boards  face  eacb  other.  Fig.  '1. — 
Two  boards  cut  from  logs  treated  with  in-troleuin.  The  ends  of  the  reajiec- 
tlve  boards  face  each  other. 

Plate  VII.  lleartwood  of  red  gum  after  eight  years'  service.  Fig.  1. — Section  of 
cross-arm.    Fig.  '1. — Itallroad  cross-tie  from  northern  Louisiana. 

Plate  VIII.  Heartivood  of  red  gum  affected  wItb  rot.  Fig.  1. — lleart-rot  fungus 
(Lrnzitca  vlaUs)  growing  on  beiirtwood  of  red  gum.  Fig.  '2. — Cross  section 
of  railroad  cross-tie  made  of  heartwood  of  red  gum.  sboWlng  destruction 
caused  by  Len:Stc»  rlallg. 
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— Yeu-ow  Butt-Rot. 


Fig.  2. -Speckled  Rot. 
MEART-ROTS    OF    LIVING    RED    GUM. 
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3  Two  Summer  Months  in  the  Woo[>s. 


Fig.  2— Log  After  Lvimo  Five  Warm  Months  in  the  Woods. 
UNTREATED    RED    GUM    LOGS    AFFECTED    WITH    SAP-ROT. 
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Sap-Boaro  of  Reo  Gum  Affected  wrTH  Sap-Rot. 
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Growinq  on  the  Ends  of  Red  Gum 


i.  Board  of  Red  Gum 


Fk).  3,— Haihv  Sap-Rot  Funqub  (Polystictus  hirsutusI  on  Red  Gum  in  Pile. 
FRUITING    BODIES    OF    FUNGI    CAUSING    SAP-ROT    OF    RED    GUM. 
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FiQ.  1.— Yard  of  Logs  Five  Months  After  Treatment. 


Fig,  2.— Logs  Five  Months  After  Treatment,  Showing  Total  Absence  of  Sap-Rot. 
RED    GUM    LOGS,    SHOWING    EFFECT    OF    CREOSOTE    TREATMENT. 
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Fig.  1.— Boards  Treated  with  Coal-Tar  Creosote. 


Fio.  2.— Boards  Treated  w 
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Fig.  1  .—Section  o 


Fig.  2.— Raiuroad  Cross-Tie  from  Northern  Louisiana. 
HEARTWOOD    OF    RED    GUM    AFTER    EIGHT    YEARS'    SEffV^p^^n [(; 
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Fig.  1.— Heart-Hot  Fungus  (Lenzites  vialisi  Growing  on  Heartwood  of  Red  Gum. 


Fig.  2.— Railhoao  Cross-Tie.  Showing  Heart-Rot  Caused  by  Lenzites 
HEARTWOOD    OF    RED    GUM    AFFECTED    WITH    ROT. 
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AriianaaB,  red  guni,  treatment  for  Mip-rot  prevention,  tents,  rexuttB,  find 

cost 17-21 

Balm,  copal,  or  liguldanilnir,  desc-rlption 7 

Bark,  reuioval  to  prevent  snp-rot 20 

Boards  from  treated  and  untreated  Iokb,  examination 24r-26 

piling  to  prevent  Bajvrot IG 

Bap-rot,  description 12 

Boletus  adoatus.     See  I'olyporus  adiistua 14 

lilrsutuB.     dee  Polyetlctus  hlrautus 29 

Butt-rot,  yellow,  description 0 

Coniferous  trees,  Imniunlty  to  attacks  of  I'olyporuB  aduftus H 

Corrosive  nubllmate,  uxe  in  treatment  of  crossing  strips  for  re<l  fntm 

boards. 10-17 

Creosote  treatment  of  red  gum  lofro,  cost  In  Arkansas 21 

evajMratjon  of  sap 18-10 

timber,  tests 17-21 

BuccesH  nKalnst  sap-rot 23 

Crosa-ties,  lobloily  pine,  treatment  with  zinc  ohlorid  and  creusote 18-10 

CroHsing  strips  for  red  gum  boards,  treatment  wttli  mercuric  chlorid 10-17 

Deciduous  trees,  euaceptlbillty  to  attacks  of  Polyjiorus  adustus 14 

Diseases,  decays  of  living  trees 8-lQ 

immunity  of  trees,  causes 7 

leaf,  S[>ecies  causing 10 

Drying  out,  necessity  for  prevention  of  siiivrot IG 

Eraitoration  of  snp  througli  creonute,  exiierluients 18-19 

Fungi,  general,  occurring  In  red  gum : .SO 

lieart-rot  of  red  gum  timber .11 

Kap-rot  of  tupelo  gum S'2 

Fungus  causing  sap-rot,  description 13-11 

Gum,  red,  boards,  Porln  siibaclda,  W'liirreni-e  iiiiil  form  of  decay 30 

diseases  of  living  trees 8-10 

geologic  lineage  and  disease  immunity 7-8 

'    hairy  sap-rot,  description  and  form  of  decny 20 

heartwood,  durability  and  decay 31 

timber,  liability  to  decny 8 

tree,  diseases .' 8-10 

weigiit  to  the  cubic  foot  of  leaf-seasoned  lumber 28 

Hairy  sap-rot  of  red  gimi  and  other  woods,  description 29 

Ileart-rot  fungi  of  red  gum 31 

Heartwood  of  red  gum,  duraUillty  and  decay 31 
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3b  HAP-KUT    AND   OTHER   UI9KA8E8   OF   THE    RED   OHM. 

PM& 

Leaf  dlaeases,  causes  10 

eraporntlon,  explanatiou,  Rtudy 27-20 

seasoning  to  prevent  «ni)-rot 27-20 

Lenzltea  vlnlio,  rtecay  lu  red  gum  lieartwood 31 

Lesquereux,  note  on  age  of  Lltinldnmbar  s[>o<'liw 7 

Lime,  aiiiilleutlon  to  sap-rot  Injurious 1(J 

Li<iuldnmbar  B|)ei-les,  geologic  lineage 7 

See  also  Gum,  red. 

Lolilollf  pine  crows  ties,  treatment  with  zinc  chloric!  ami  creosote 18-19 

Logs,  peeling  to  prevent  Bai>-rot 2(1 

red  gum,  sap-rot,  occurrence,  description,  nnd  cuuse 10-12 

sap-rot  prevention,  tests  with  crude  petroleum  and  with  creosote 17-21 

treated  with  ))etroleum  and  with  creosote,  examination 21-24 

Lumber,  sawed,  leaf  seasoned  and  ordinarily  Reasoned,  weight 28 

reRults  of  treatment  to  prevent  sap-rot 24-26 

Sre  alvo  Timber  and  Wood. 

Mercuric  chlorld,  use  In  treatment  of  crossing  Ktrii)!<  for  red  gum  hoardu 1(1-17 

Maple,  sap-rot  Injuries .. 31-32 

Petroleum  treatment  of  red  gum  logs,  coirt  in  Arkansus 20 

loss  of  moisture 17-18 

failure  to  |irevent  i<a|>-nit 25 

timber,  tents 17-21 

PllluK  rt-d  gum  boards  to  prevent  fia|i-rot _ 16 

Pine,  loblolly,  cross  ties,  treatment  with  zinc  chlorld  and  creosote 18-19 

PolyponisaduBtua,  dewrlptlou 13-14 

distribution  and  general  occurrence 14-1.") 

Her  alMu  Saji-rot. 

lucidua.  descrliitlon 9 

Pulystlctus  hirsutns.  description  and  occurrence  In  reel  gum  and. other 

woods 20 

Poria  subaclda,  description  and  occurrence  on  n-d  gum  luarils 30 

Red  gum.    See  Gum,  red. 

Rot.  butt,  yellow,  descrlptliiii 0 

piped,  description 10 

sai>.     See  Sap-rot. 

speckled,  dewrlptlon 9 

Sap,  removal  by  leaf  seasoning —  27-20 

rot,  fungus  (iiuslng. 13-15 

Inljoards,  descrlptliin 12 

logs,  tests  made  for  prevention _ 17-21 

occurrence 10-12 

prevention  by  creosote  treatment 25 

In  the  pile 15-17 

preventive  measures  __ _ _ —  15-29 

recommend  at  Ions . , 32 

removal  of  Iwirk  as  preventive  niciisui'c 28 

red  gum  timber,  occurrence,  description,  and  cause 10-ir> 

treatment  to  prevent,  results 21-26 

tuiH'lo  Bum,  swamp  oak,  aud  maple 31 

Baii-rote,  various,  of  red  gum 29-30 

Sargent,  (".  S.,  statement  regarding  iige  of  LUinldamtiar  sjfecieH 7 

Ik-hlaopliyllum  wwmune,  occurrence  In  rod  gum  logs 22 
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fast. 

Storax,  resin  from  red  gum,  use  In  China 7 

Summary  and  recommendations  for  prevention  of  Rnp-rot 32 

Summer-cut  timber,  Kusceptlljillty  to  diaeaRe 11 

Swamp  oak,  sap-rot  Injuries 31-32 

Ties,  erosB,  loblolly  jilne,  treatment  witb  zinc  clilorld  and  creosote 18-11) 

Timber,  red  gum,  sap-rot,  occurrence,  description,  and  cause II 

See  aJgo  Lumber  and  Wood. 

Trees,  diseaee  Immunity,  causes 7 

living,  diseases 8-10 

occurrence  of  Polyporus  adustUH  on  various  species 14 

Tupelo  gum,  sap-rot  injuries. 31-32 

Wood,  decayed,  microscopic  changes 13 

Zinc  chlorld  treatment  of  loblolly  pine  cross-ties,  loss  of  moisture 18-10 
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U,  S,  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  A-agust  1,  1907. 
Su:  I  have  the  honor  to  transmit  herewith  a  paper  entitled 
"The  Disinfection  of  Sewage  Effluents  for  the  Protection  of  Public 
Water  Supplies."  This  deals  with  a  subject  of  vital  importance  to 
sanitarians  interested  in  the  protection  and  purification  of  water 
b-upplies,  and  I  recommend  that  it  be  published  as  Bulletin  No.  115 
of  the  series  of  this  Bureau. 

This  paper  was  prepared  by  Mr,  Karl  F.  Kellerman,  Physiologist 
in  charge  of  Water  Purification  Investigations,  in  cooperation  with 
Mr.  R.  Winthrop  Pratt,  chief  engineer  of  the  Ohio  State  board  of 
health,  an<i  Mr.  A.  Elliott  Kimberly,  special  assistant  engineer  of  the 
Ohio  State  boar<1  of  health  and  collaborator  of  this  Bureau.  The 
Department  of  Agriculture  has  been  fortunate  in  its  cooperation  with 
the  Ohio  State  board  of  health,  and  I  wish  to  add  a  word  of  personal 
appreciation  of  the  keen  interest  and  enthusiasm  shown  by  Dr.  C.  O. 
Probst,  the  secretary  of  the  board,  and  his  associates.  Mr.  Pratt  and 
Mr.  Kimberly,  in  the  prosecution  of  this  work. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  DISINFECTION  OF  SEWAGE  EFFLUENTS  FOR 
THE  PROTECTION  OF  PUBLIC  WATER  SUP- 
PLIES.   

INTBODUOnON. 

Of  the  many  points  in  connection  with  the  disposal  of  sewage 
there  is,  perhaps,  none  that  has  recently  received  more  att«ntion 
than  the  question  of  the  degree  of  purification  that  should  be 
required  before  a  sewage  effluent  is  discharged  into  a  stream  or 
other  body  of  water  which  serves  as  a  source  of  water  supply.  It  is 
unnecessary  here  to  take  up  in  detail  the  various  standards  or  general 
recommendations  that  have  been  made,  especially  as  it  is  becoming 
more  widely  recognized  that  for  every  locality  there  should  be 
estabhshed  an  individual  standard  which  in  the  case  of  certain 
conditions  might  require  no  purification  and  which  under  certain 
other  conditions  might  require  the  removal  of  all  bacteria  hkely 

,to  cause  disease,  in  addition  to  the  greatest  possible  chemical 
improvement  of  the  sewage  effluent. 

Some  investigators "  consider  that  the  purification  of  a  sewage 

-  to  the  nonputrescible  point  or  point  of  chemical  stability  is  sufficient, 
basing  their  conclusion  upon  the  fact  that  all  polluted  waters  and 
perhaps  all  surface  waters  should  be  subjected  to  filtration  for  the 
purpose  of  removing  disease  germs.  The  logical  conclusion  of  this 
point  of  view  has  been  stated  in  these  very  emphatic  words,  "If  the 
people  below  select  to  drink  the  sewage  of  the  people  above,  surely 
they  should  be  held  responsible  for  the  cost  of  manipulating  it  to 
their  fancy."  *  It  would  seem,  however,  that  while  the  plan  sug- 
gested,' to  divide  the  cost  of  elaborate  sewage  treatment  between 

o  Winslow  and  Phelpa.  InviwtigationB  im  the  Purilication  of  BostoD  Sewage.  U.  S, 
Geol.  Survey,  Walcr-Supply  and  Irrigation  Paper  185,  1906. 

*  Reid,  George.  To  what  Extent  raiiat  Authoriliee  Purify  Sewage?  Surveyor  and 
MumcipalandCountyEngineer,V()l,31,  No.  788,  pp.  274-275;  discuBsion,  pp.  275-278. 
London,  February  22.  1907. 

^  Digby,  W.  Pollard,  and  ShenCon,  Henry  C.  H.  Prevention  of  the  Bacterial 
ContaminBtion  of  Streama  and  Oyster  Beda.  London,  published  by  the  Society  oi 
Engineers,  1906.  [The  same,  very  slightly  abridged]  Surveyor  and  Municipal  and 
County  Engineer,  vol.  30.  No.  777,  pp.  653-055,  December  7;  No.  778,  pp.  685-688, 
December  14;  diacuBsion,  pp.  688-690.     London,  1906. 


sdbvCoO^lc 


8  DISINFECTION   OP   SEWAQE   EFFLUENTS. 

the  sewage  disposal  plant  and  the  water  filtration  plant  affected 
by  the  sewage  disposal,  might  be  productive  only  of  legal  com- 
plications, there  is  a  broader  interpretation  of  the  principles  of 
public  health  which  not  only  makes  such  expenditures  a  moral 
obligation  on  the  part  of  the  sewage  disposal  authorities,  but  because 
of  these  expenditures  may  show  a  marked  financial  gain  for  the  entire 
community.  There  can  be  no  doubt  that  the  responsibility  of 
furnishing  pure  water  should  fall  exclusively  upon  the  company  or 
municipality  controlling  the  water  supply,  but  the  degree  to  which 
the  adjacent  sewage  disposal  plants  should  aid  in  protecting  a  source 
of  supply  from  pollution  should  be  determined  by  some  unprejudiced 
central  authority.  It  should  be  possible  also  for  this  same  central 
authority  to  have  jurisdiction  over  the  operation  of  sewage  disposal 
plants  and  water  purification  plants. 

It  is  indisputable  that  there  is  much  pollution  of  streams  not 
caused  by  sewage  effluents"  and  that  water  purification,  rather  than 
sewage  purification,  is  in  general  the  essential  point  in  protecting 
water  consumers.*  Where  sewage  is  rendering  a  water  supply 
exceedingly  dangerous,  however,  either  the  water  must  be  disinfected  • 
before  being  distributed  to  the  consumers  or,  according  to  what  is  the 
more  logical  first  step  in  economic  and  aesthetic  purification  of  the 
water,  the  polluting  sewage  must  be  purified  and  at  least  partially 
disinfected  before  it  is  discharged  into  the  stream  or  lake  in  question. 
Filtration  of  the  water  supply  would  almost  certainly  be  required  in 
either  case. 

Chemical  treatment  for  the  sterilization  of  sewage  has  often  been 
suggested.  A  review  of  the  literature,  however,  shows  that  in  general 
early  attempts  were  based  upon  the  treatment  of  crude  sewage,  the 
sterilization  of  which  is  of  course  usually  more  of  a  disadvantage  than 
an  advantage.  During  the  last  few  years  the  more  scientific  principle 
of  disinfecting,  not  sterilizing,  a  sewage  effluent  which  has  been 
carried  to  a  fair  degree  of  chemical  purity  has  become  more  popular 
and  has  even  been  suggested  as  an  aid  in  emergencies  where  a  city's 
water  supply  is  dangerously  polluted. 

In  the  experiments  on  the  disinfection  of  sewage  effluents  to  be 
discussed  in  this  bulletin,  copper  sulphate  and  chlorin,  two  of  the 
most  promising  of  the  gennicides  suggested  for  disinfecting  sew^e 
and  water,  were  experimented  with  at  some  length  and  under  as 
varied  conditions  as  possible. 

oLeiRhton,  M.  0.,  River  Pollution.  Proc.  American  Water  Works  Asgn.,  26lh 
C.mv..  pp.  61-71:  diBcuMion,  PI).  71^78,.    1906. 

(■Baker,  M.  N.  Nr.tOB  on  S<-wiif;cPurifirfttion  and  Pulilic  Water  Suppliea.  Proc. 
American  Water  Wnrka  Atwii.,  2Hth  ('<)nv.,  pp.  5l-5fi;  (liHoiiBsion  by  W.  P.  ^laaoD,  pp. 
57-58.     1906. 

■■Whipple,  Geiirge  C.  Diain  feet  ion  uc  a  Meanw  of  Wiiler  Purification.  Proc. 
American  Water  Works  Awn..  2fltri  CVmv.,  pp.  2fi(>-2SO.    HMXi,  ,--  . 
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COPPER   SULPHATE   EXPEBIMENTS.  9 

Copper  sulphate  has  been  used  to  disinfect  crude  and  settled  sew^e 
before  filtTstion;"  it  has  also  been  used  to  eradicate  troublesome  algte 
from  sewage  filters,''  and  its  use  has  been  su^ested  for  disinfecting 
sewage  effluents,"  although  extensive  tests  of  its  applicability  to  the 
latter  purpose  are  lacking. 

OOPPBS  StTLFHATB  EXFSKOCBNTS. 

Our  own  experiments  upon  the  germicidal  effect  of  copper  have 
been  planned  to  include  sewBge  oilluents  of  different  qualities,  ranging 
from  highly  purified  efiluents  from  sand  filters  to  the  putrescible 
effluents  from  septic  tanks.  Westerville,  The  Boys'  Industrial  School, 
Ij&ncaster,  and  Marion,  Ohio,  were  selected  for  substations,  and  a 
preliminary  experiment  upon  fresh  sewage  was  conducted  at  St. 
Mary's  of  the  Springs,  near  Columbus,  Ohio. 

ST.  habt's  of  the  springs. 

St.  Mary's  of  the  Springs  is  a  convent  school  located  near  the  city  of 
Columbus  and  has  a  population  of  about  175  persons.  The  sewage 
from  this  institution  at  the  present  time  is  discharged  into  two  tanks 
operated  in  series.  These  tanks  are  10  feet  in  diameter  and  about 
6  feet  in  depth  to  the  flow  line;  the  capacity  of  each  is  about  3,050 
gallons.  Recent  measurements  indicate  that  the  flow  of  sewage  is  in 
the  vicinity  of  12,000  gallons  for  a  period  of  16  hours,  there  being 
practically  no  flow  after  10  o'clock  p.  m.  The  sewage  discharges 
from  the  second  tank  into  a  small  brook  through  12  feet  of  8-inch  tile. 
Generally  speaking,  the  plant  comprises  two  reservoirs  which  retain 
some  of  the  coarser  solids;  the  first  tank  contains  a  thin  scum  and 
considerable  accumulated  sludge;  the  second  shows  no  scum  forma- 
tion; the  sewage  as  dischai^ed  is,  of  course,  highly  putrescent. 

Dating  from  about  Septemper  1,  1905,  it  has  been  the  dally  practice 
of  the  health  department  of  the  city  of  Columbus,  Ohio,  to  apply 
copper  sulphate  to  the  eew^e  at  the  inlet  of  the  second  reservoir. 
The  quantity  of  copper  sulphate  added  daily  is  said  to  be  6  pounds, 

"Newcomb,  Edwin  L.  Copper  Sulphate  as  an  Adjunct  to  Sewage  Dis]>oaal.  Jour. 
New  England  Water  WorltB  Ahmii.,  Deiember,  1905. 

6  The  Use  of  Copper  Sulphateat  Pawtucket.R.  I.,  lo  Prevent  the  Cloggingnf  Sewage 
Filter  Beds  by  Blanket  Growth  of  Mierooiganisnie.  (From  the  Novenibor-Dcecmbcr 
Bui.  ot  the  Rhode  Island  State  Board  of  Health),  Engineering  News,  vol.  57,  No.  14, 
pp.  379-380. 2  figs.  New  York,  April  4, 19C7.  The  same.  Engineering  Record,  vol.  55, 
No.  13,  pp.  413-lH,  illuB.    New  York,  March  30.  1907. 

c  Indian  Government.  Resolutions  on  the  Working  of  Septic  Tanks.  <'alcutta, 
January  6,  1908. 

Johnaon,  George  A.  Report  on  Sewage  Purification  at  Columbus.  Ohio,  Made  to  the 
Chief  Engineer  of  the  Board  of  Public  Service.    Columbus,  Ohio.  1905.  pp.  47H79. 

Rideal,  Samuel.  Sewage  and  Bacterial  Purification  of  Sewage.  3d  ed.,lx)udou 
and  New  York,  1906,  p.  174.  ,  -  . 
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10  DISINFECTION    OF    SEWAGE    EFFLUENTS. 

3  of  which  are  introduced  at  8  a.  m.,  the  remainder  at  3  p.  m.,  roughly 
approximating  a  concentration  of  63  parts  to  the  million.  The  copper 
sulphate  in  a  dry  state  is  placed  in  a  perforated  enameled  pail,  which 
is  then  lowered  into  the  liquid  to  a  point  opposite  the  dischai^  pipe 
from  the  first  reservoir.  The  copper  sulphate  remains  suspended 
here,  exposed  to  the  somewhat  erratic  solvent  action  of  the  incoming 
sewage;  at  times  it  is  found  that  the  entire  quantity  of  chemical  used 
for  one  day's  dose  is  not  completely  dissolved  in  twenty-four  hours. 

In  making  an  examination  of  this  plant  samples  of  untreated 
sewage  entering  the  second  tank  and  of  treated  sewage  leaving  the 
second  tank  were  collected  at  half-hourly  intervals  for  a  period  of 
seven  hours  on  two  successive  days.  Tubes  were  inoculated  and 
plates  were  poured  in  the  field  in  order  that  the  bacterial  analysis 
for  the  determination  of  total  numbers,  acid  formers,  and  the  identi- 
fication of  the  latter  with  respect  to  Bacillus  coK"  might  be  more 
accurate.  All  tests  were  carried  through  in  duplicate.  In  addition 
to  the  collection  of  samples,  measurements  of  the  sewage  flow  were 
made  at  half-hourly  intervals. 

Table  I  shows  the  results  of  these  examinations.  Froni  an  average 
of  16  samples  of  effluent  collected  on  the  two  days  the  total  number 
of  bacteria  to  the  cubic  centimeter  developing  within  forty-eight 
hours  at  20°  C.  was  5,600,000  for  the  raw  and  65,000  for  the  treated 
sewage,  giving  a  reduction  of  approximately  99  per  cent.  Platings 
of  the  treated  effluent  when  incubated  at  37°  C.  for  a  period  of 
twenty-four  hours  averaged  250,000  colonies,  of  which  36,750,  or 
14.7  per  cent,  were  acid  producing,  the  majority  being  Bacillus  coli. 
Unfortunately  no  tests  were  made  to  learn  the  bacterial  content  of 
the  raw  sewage  at  an  incubation  temperature  of  37°  C,  and  it  is 
impossible  to  determine  whether  the  percentage  reduction  of  bacteria 
capable  of  growing  at  37°  is  greater  than  that  of  the  development 
at  20°  C,  though  from  past  experience  this  seems  reasonable. 


Table  1. 

—Results  of  baeUrud  analyia  of  sewage  effiiu 
Ohw. 

■nU.  St.   Mary's  of  the  Springs, 

Bacteria  to  the  cubic 

Dktc. 

S«npllng  period. 



Untnmted    Trestod  i™""™"- 

isKS 

idOfl. 

B.30ft.  in.to4,Mp.m.. 

....      5,300,000         70,l»0l           «.» 

a  Av^ra^ft  of  halt-houriy  duplica 


The  cost  of  treating  the  settled  sewage  of  St.  Marj-'s  of  the  Springs 
is  practically  the  cost  of  chemicals  and  the  cost  of  maintenance,  as 

n  recommended  by  the  American  Public  Health 
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COPPER   SULPHATE   EXPERIMENTS.  11 

the  construction  costs  for  the  pUnt  are  praclicftlly  negligible.  With 
copper  sulphate  at  6  cents  a  pound  and  a  daily  sewage  flow  of  12,000 
gallons  the  expenditure  for  chemicals  is  3  cents  for  each  1 ,000  gallons, 
using  6  pounds  of  copper  sulphate  a  day.  The  labor  cost  may  be 
considered  to  be  25  cents  a  day.  Similar  plants  applying  copper 
sulphate  in  the  proportion  of  63  parts  to  the  million  to  a  sewage  flow 
of  12,000  gallons  wouhl  require  about  6  poumls  of  copper  sulphate 
daily,  costing  36  ceiit.s  a  <lay.  On  an  annual  basis,  including  labor 
for  one  hour  a  day  at  2S  cents  an  hour,  the  chemical  and  maintenance 
cost  would  be  about  t222.6.'>,  proportioned  as  follows: 

2,190  poundx  of  rappt- r  t<ulphat<>,  at  C  <'<>[i1h  m  jiciiind $1:11. 40 

Labor.  365  houiK,  at  25  cinln  uii  hi)\ir 91. 25 

Total 222.  ftS 

Capitalized  at  5  per  cent,  this  would  represent  an  investment  of 
14,500. 

For  crude  sewage  much  letter  results  could  probably  be  obtained 
by  using  100  parts  of  copper  sulphate  to  each  million  parts  of  sewage. 
For  treating  12,000  gallons  of  sewage  at  this  rate  the  expense  would 
be  60  cents  a  day,  or  $310.25  annually,  and  the  corrcspondmg  capi- 
talization would  be  $n,200. 

WE,STERVILLE, 

The  sewage  plant  at  We.storville,"  Ohio,  comprises  two  small  septic 
tanks  which  discharge,  through  an  aerating  device,  on  to  six  primarj' 
cinder  contact  filters,  which  in  turn  <lischargc  upon  two  secondary 
filters.  The  plant  at  the  present  time  is  operated  continuously, 
instead  of  upon  the  contact  principle.  The  effluent  from  the  primary 
filters  is  usually  nonputrescible,  but  at  times  tends  to  become  unstable 
and  contains  considerable  crude  oi^anic  matter.  As  the  effluent 
from  the  primary  filters  was  the  more  accessible,  by  suitable  piping  it 
was  conducted  through  an  orifice  box  where  the  proper  quantity 
could  be  tiiverted  for  the  experiments  with  copper  treatment,  the 
excess  being  discharged  over  a  waste  weir.  During  this  test  the  flow 
of  sewage  was  such  that  the  ad<litionaI  head  due  to  the  discharge 
over  the  waste  weir  was  probably  not  sufficient  to  influence  meas- 
urably the  computed  discharge  of  41,000  gallons  in  twenty-four  hours. 

The  copper  crystals  were  dissolved  in  barrels  connected  in  series. 
The  solution  in  the  barrels  was  conducted  to  an  orifice  box,  where 
by  means  of  a  ball  cock  a  constant  head  was  maintained  upon  an 
adjustable  orifice.  The  quantity-  of  copper  sulphate  used  in  each 
test  was  based  upon  the  compute<l  flow  of  41,000  gallons  of  effluent 
in  twenty-four  hours.     The  wafer  which  was  used  for  dissolving  the 

"For  deecription,  eee  Anniua  Report  Ohio  State  Board  of  Health,  1903,  p.  6fi0. 
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copper  salt  had  such  a  high  alkalinity  that  it  was  necessary  to  almost 
neutralize  the  carbonates  with  sulphuric  acid  before  preparing  the 
copper-sulphate  solutions,  as  otherwise  the  copper  would  be  com- 
pletely precipitated  in  the  solution  tanks.  After  passing  through  the 
orifice  box  the  copper  solution  was  discharged  into  a  small  storage 
reservoir  at  the  same  point  where  the  discharge  from  the  sewage 
effluent  orifice  box  was  admitted;  the  rate  of  dischai^e  was  0.5 
gallon  a  minute.  The  concentration  of  the  applied  copper  solution, 
of  course,  varied  with  the  different  concentrations  studied.  At  tlie 
point  of  entrance  of  the  sewage  effluent  and  the  copper  solution  there 
was  placed  a  small  longitudinal  baffle,  serving  to  effect  a  thorough 
mixture  of  the  chemical  and  the  effluent.  The  storage  period,  or 
time  of  contact  of  sewage  and  copper  sulphate,  was  slightly  over 
one  hour. 

At  hourly  intervals  liuring  the  test  bacterial  samples  of  the  sewage 
effluent  were  collected  before  and  after  treatment.  Samples  for 
chemical  analyses  were  collected  at  hourly  intervals,  and  the  com- 
posite sample  so  obtained  was  subjected  to  chemical  analysis.  In 
addition,  determinations  were  made  in  the  field  for  free  carbonic  acid 
and  for  alkalinity  before  and  after  treatment. 

The  Initial  run  was  made  at  a  concentration  of  5  parts  to  the 
million,  followed  by  gradually  increased  amounts  of  the  chemical 
until  a  concentration  of  67  parts  to  the  million  was  reached.  It  was 
the  general  practice  to  apply  cx>pper  sulphate  at  a  given  concentration 
for  two  consecutive  days.  As  will  be  seen  from  Table  II,  the  percent- 
age of  removal  of  bacteria  grown  at  20°  C.  varied  from  95  per  cent  to 
59  per  cent,  depending  upon  the  concentration  of  copper  sulphate 
applied  and  also  upon  changes  in  temperature."  The  removal  of 
bacteria  developing  at  37°  C.  was  much  more  erratic  than  was  the 
case  at  20°  C,  the  percentage  of  removal  varying  between  28  and  96 
for  total  numbers  and  between  66  and  100  for  acid-producing  bac- 
teria. The  different  concentrations  of  copper  sulphate  that  were 
used  showed  less  variation  in  efficiency  than  might  have  been  ex  jwcted. 

aM.)orp,  G.  T..  and  Kcllmiian,  K.  V..  Ilul.  7«,  Bureau  ot  Plant  Industry,  p.  )2, 
1905.  Johnmin.  Gcon!cA.,  Report  un  ScwHge  Purificalbn  aH'olumbuc,  Ohio,  Appen 
(lis  X.  p.  47H,  laM. 
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14  DIBINPECnOK  OF  SEWAGE  EFFLUENTS. 

On  the  basis  of  treating  daily  41,000  gallons  of  effluent  from  the 
primarj'  contact  filters,  the  initial  cost  of  a  plant  for  applying  the 
germicidal  chemical  would  be  $70  in  round  numbers.  Considpring  a 
satisfactory  removal  of  pathogenic  organisms  to  be  produced  by  a 
concentration  of  40  parts  to  the  million,  the  daily  quantity  of  copper 
sulphate  required  would  be  13.7  pounds;  the  cost  for  chemicals  would 
be  about  82  cents  and  for  2  hours'  labor,  50  cents.  The  annual  cost 
with  copper  sulphate  at  6  cents  a  pound  and  labor  at  25  cents  an  hour 
would  then  be  as  follows : 

5.000  pounds  of  copper  sulphate  at  6  rents  a  pound $300.00 

Ijibor,  730  hoUTw  at  25  rents  an  hour 182. 50 

Tdlal -482,50 

Capitalized  at  6  per  cent,  this  would  represent  an  investment  of 
f9,650. 

boys'  industrial  school,  LANCASTER. 

The  Boys'  Industrial  School"  is  a  State  institution  located  near 
I^ancaster,  Ohio,  and  has  a  population  of  about  1,100  persons.  The 
sewage  from  the  institution  is  treated  on  twenty-three  intermittent 
sand  filters  which  receive  the  cnnie  sewage  which  has  been  subjected 
only  to  rough  screening  as  a  preliminary  treatment.  The  sewage  flow 
at  the  institution,  from  measurements  made  by  the  State  board  of 
health,  averages  about  160,000  gallons  in  twenty-four  hours.  In 
carrying  out  the  copper  experiments  at  Lancaster,  in  distinction  from 
applying  a.  constant  quantity  of  copper  sulphate  to  a  constant  quan- 
tity of  effluent,  as  was  the  case  at  Westerville,  it  was  thought  most 
practicable  to  apply  the  chemical  to  the  entire  effluent  flow,  carrying 
out  the  experiments  with  a  view  to  learning  the  quantity  of  cop- 
per sulphate  required  to  <lestroy  coli-Iike  organisms  when  the  sewage 
effluent  was  flowing  at  a  maximum  rate. 

The  effluent  from  the  sewage  filter  discharges  into  a  20-inch  main 
collecting  drain,  which  also  serves  in  times  of  storms  to  carry  off 
stonn  water  from  some  of  the  neighboring  hills.  At  the  outlet  of 
the  effluent  drain  a  weir  was  constructed  having  a  length  of  1  foot 
and  a  height  of  15  inches.  Over  this  the  sewage  effluent  was  caused 
to  flow.  Suitable  mean.'<  were  provided  for  observing  the  elevation 
of  water  on  the  crest  of  the  weir.  The  effluent  drain  from  the  sew- 
age plant  discharges  into  a  small  brook  in  wliich  a  dam  was  con- 
structed about  200  feel  from  (he  weir.  This  improvised  reservoir 
gave  a  storage  period  of  from  three  to  four  hours,  depending  upon 
the  rate  of  flow  from  the  fljters. 

The  quantitj-  of  copper  sulphate  applied  was  based  upon  a  sewage 
flow  of  150,000  gallons  during  the  hours  the  exp6rimenta  were  con- 

•>  Tea  deacriptlon,  im  jLaniul  £«port  Ohio  State  Bond  ot  HMlth,  UOa,  p.  5IA. 


COPPER   SULPHATE   EXPEMWEHT6.  15 

ducted,  and  at  the  begmoing  of  the  test  was  calculated  to  afford  a 
concentration  of  5  parts  to  the  million.  The  rate  of  flow  of  the  copper 
solution  was  practically  constant  at  0.75  gallon  a  minute,  but  the 
flow  of  the  sewage  effluent  varied  widely;  consequently  the  resul^ng 
concentration  of  copper  sulphate  showed  the  same  variations. 

Bacterial  and  chemical  .samples  of  the  effluent  before  and  after 
treatment,  respectively,  were  collected  at  hourly  intervals,  as  at 
Westerville-  They  were  examined  for  total  numbers  and  for  colo- 
nies developing  at  37°  C.  Determinative  tests  for  BadUus  eoli  were 
carried  out  by  fishing  three  colonies  from  one  of  the  duplicate  plates 
of  each  hour's  series  for  both  the  untreated  and  treated  effluent. 
As  the  concentration  of  the  copper  sulphate  increased  and  the  bac- 
teria began  to  decrease  this  procedure  was  not  rigidly  followed,  and 
in  the  case  of  small  development  all  of  the  acid-forming  colonies  were 
subcultured.  All  of  the  bacterial  work  was  carried  out  in  the  field, 
including  the  sterilization  of  plates  and  the  subculture  work. 

The  concentration  of  copper  sulphate  applied  was  increased  on  each 
successive  run  until  a  maximiim  of  20  parts  to  the  million  was  reached, 
based  on  a  flow  of  150,000  gallons.  From  the  fifteen-minute  weir 
readings  the  average  flow  of  effluent  was  computed,  and  fropi  these 
data  the  actual  average  concentration  of  the  copper  sulphate  on  a 
given  day  was  determined.  These  results  are  recorded  in  detail  in 
Table  III. 

Careful  study  of  Table  III  shows  that  from  the  public-health  stand- 
point the  treatment  at  Lancaster  was  more  satisfactory  than  either 
of  the  two  preceding  cases.  The  percentage  of  removal  of  bacteria 
developing  at  20"  C.  was  in  one  case  lower,  but  the  removal  of  the 
bacteria  developing  at  37°  C.  was  much  greater  and  the  elimination 
of  acid  colonies  and  BactUus  coli  was  almost  complete.  The  more 
efficient  action  of  copper  sulphate  at  Lancaster  is  undoubtedly  due 
to  the  better  chemical  condition  of  the  sewage  effluent,  especially 
its  greater  freedom  from  oi^anic  matter"  and  its  freedom  from 
carbonates. 


aJohnaon.  George  A.     Report  on  SeWBge  Purilicatioii  at  Columbus,  Ohio,  1905, 

p.  474. 


sdbvGoo^^lc 


DISINFECTION   OP   SEWAGE   EFFLUENTS. 


m 

■JU90ID9  pA)Wli, 

SS'^SS 

■joa 

X 

f 

d 

h 

■ss|no[CKi  paa 

ffigSSSSS 

•setooiojinox 

■ 

sissssa 

■3  Mi 

ssissesss  j 

i*5       ■ia9n(B9    I       |SS12S|2 

s  r"'>..«ii"  ■   §§iii"p~i 
TlliT§l" 


I  'IHBII^  paivaij, 


■aillsiOA 


S"S -""'  "5 ' 


■WIKIIN  I 


-pamnnioo  iia8.(io  i 

3l  [-(Spaisaij.  I 
'  -B  o        -juanuja     I 


I! 
ill 


laMipa     D  ^°^=3^: 


^i§§i§§i 

5i§i§§r 

jiiiiii 


■nodi,Go(5glc 


COPPEK    SULPHATE    EXPERIMENTS. 


I! 

I  a 

i! 
li 
as 


k.   a  (d 
_*  -g  i-i 

l'§l  |- 

s  j  .3  r 

IM  1 

■a  ^^5  I 

PI  I 

3  1=  8 

;  "I"  ■«• 

S  »  S  I 

■=  Its  . 


'jantuis  t«|«aij. 


N' 


-g     -10  paiBSJi  _- 


jajnUP  pwsaii 


III 

iir 


13 

11 
1.3 


■illliqpEmnid 


-apiwaiO  I 


■paonuaao  iraS^O  ^       — -- 


I- 


III 


isE5 


8177— No.  115-07— 


..,z.d.vCoot^lc 


18  mSINPEt'TIOK    OF    SEWAGE    EFFLUENTS, 

The  daily  application  of  copper  sulphate  to  the  Lancaster  sand 
filter  effluent  with  its  flow  of  160,000  gallons  a  day  would  retjuire  17.3 
pounds  of  copper  sulphate,  and  the  cost  of  this  chemical  would  be 
about  $1.04  a  day,  based  on  applying  13  parts  of  copper  sulphate  to 
each  million  gallons  of  effluent. 

The  cost  of  constructing  the  Lancaster  plant  used  in  these  experi- 
ments and  capable  of  treating  sewage  at  the  rate  of  1 60,000  gallons  for 
six  hours  was  $29.  However,  a  fair  estimate  of  the  cost  of  a  plant  under 
(iractical  conditions  for  continuous  treatment  would  be  about  $92, 
proportioned  as  follows: 

2  aoluUon- tenke,  1,400  gallons  rapacily »46. 00 

f>riftcobox 8.75 

Braes  orifice 2. 00 

Float  control 1 .  26 

Pipe 5. 00 

Lumber 5. 00 

I-abor 26. 00 

Total 92.00 

The  maintenance  cost  per  annum  on  the  above  basis  would  be  as 
follows : 

6,325  pounds  of  ropp<T  sulphate,  at  6  ccnin  a  pound 9379. 50 

Labor,  365  daye,  at  $2  a  day 730.00 

Total .1. 109. 50 

Capitalized  at  5  per  cent,  this  would  represent  an  investment  of 
$22,000. 

MARION. 

The  sewage  disposal  plant  at  Marion,  Ohio,  has  been  described  in 
detail,"  and  it  is  necessary  here  only  to  refer  to  the  plant  as  a  combi- 
nation of  septic  tanks,  contact  filters,  and  sand  filters,  handling  about 
600,000  gallons  of  sewage  daily. 

To  provide  a  storage  reser\'oir  for  the  copper-sulphate-treated 
sewage  a  dam  was  built  in  tlie  effluent  sewer  about  900  feet  west  of 
the  disposal  plant  and  a  cofferdam  composed  of  6-inch  sheatliing 
was  constructed  at  the  outlet  of  the  effluent  sewer  into  Rock  Swale 
Creek.  The  exposed  height  of  the  sheathing  was  such  that  in  all  but 
extreme  flood  stages  tiie  effluent  would  discharge  into  the  creek  in  a 
dear  sheet.  The  object  of  thus  protecting  the  outlet  of  the  effluent 
sewer  was  to  overcome  possible  outside  contamination  of  the  copper- 
treated  effluent  due  to  backwater  from  the  creek,  which  quite  prob- 
ably receives  considerable  <|uantities  of  domestic  sew^e.     During 

o  Pratt,  R.  Winthrop.  Combinixi  .Septic Tatikn.  Contact  Iteds,  InlcrmJIIcnt  Filtera 
and  Garb^et'romatory,  Marion,  Ohio.  Btigineiring  News,  vol.  56,  No. 8,  pp,  197-201, 
5  figs.     New  York,  February  22,  1906. 
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COPPER    SULPHATE    EXPERIMEHTS.  19 

the  experiments  tlie  waters  of  the  creek  rose  so  as  completely  to  over- 
flow the  cofferdam,  but  on  such  days  no  tests  were  made.  In  all  of 
the  runs  it  was  possible  to  collect  samples  of  the  effluent  as  dischnr^ed 
without  danger  of  contamination  from  the  waters  of  the  creek.  The 
storage  or  contact  period  of  sewage  effluent  and  copper  sulphate  was 
determined  to  be  about  one  hour.  The  copper-sulphate  solution, 
prepared  in  a  solution  tank  of  1 ,780  gallons  capacity,  was  discharged 
at  the  rate  of  2  gallons  a  minute. 

At  the  present  time  the  disposal  plant  is  hand  operated  in  the  day- 
time only;  during  the  night  the  contact  filters  are  operated  continu- 
ously. Beginning  at  about  7  o'clock  a.  m.  and  continuing  until 
about  5  p.  m.  the  normal  hand  operation  of  the  plant  is  resumed 
and  it  was  during  such  normal  operation  that  the  copper  experiments 
were  carried  out.  From  7  o'clock  a.  m.  until  10  a.  m.  practically  no 
water  is  discharged  into  the  effluent  channel;  hence  all  of  the  tests 
began  at  about  10  a.  m.  Samples  were  collected  at  half-hourly  inter- 
vals, an  allowance  being  made  for  the  storage  period  of  one  hour. 

The  results  of  these  experiments,  shown  in  detail  in  Table  IV,  are 
somewhat  disappointing.  The  degree  of  bacterial  purification  did  not 
equal  that  obtained  at  Westerville  and,  as  at  Westerville,  a  great 
increase  in  the  quantity  of  copper  sulphate  applied  caused  but  slightly 
increased  efficiency.  The  chemical  condition  of  the  effluent  at  Marion 
was  somewhat  similar  to  that  at  Westerville,  but  the  time  of  contact 
with  copper  sulphate  was  much  shorter.  As  several  investigators'* 
have  shown,  time  of  contact  is  a  very  important  element  in  the  germi- 
cidal action  of  copper,  and  the  low  bacterial  removal  is  probably  due 
to  this  factor. 

"  Gilders1e«ve.  Studies  on  the  Bactericidal  Action  of  CopperoD  Oi^niame  io 
Water.  American  Journal  of  Medical  Science,  n.  a.,  vol.  129,  No.  5,  pp.  754-760. 
Philadelphia  and  New  York,  May.  1905. 

Johnson,  George  A.     Report  on  Sewage  Purificatioa  at  Columbus,  Ohio,  1905. 

Kraemer,  Henry,  Copper  Treatment  of  Water.  American  Journal  of  Pharmacy, 
vol.  16,  No.  12,  pp.  574-579.    Philadelphia,  December,  1904. 

Phelpe,  E.  B.  Experiments  on  the  Storage  of  Typhoid -Infected  Water  in  Copper 
Canteens.  American  Puhlic  Health  Association,  Report,  vol,  31,  part  1,  pp.  75-90. 
1905. 

Moore,  G.  T.,  and  Kellennan,  K.  F.  Method  of  Destroying  or  Preventing  the 
Growth  of  Algfe  and  Certain  Pathogenic  Bacteria  in  Water  Hupplifs,  Bui.  64,  Bureau 
of  Plant  Industry.  1904.  Copper  aa  an  A^cide  and  Disinfertanl  in  Water  Supplies. 
Bui.  76,  Bureau  of  Plant  Industry.     1905, 

Kellerman,  K.  P.,  and  Beckwith,  T.  D.  The  Effect  of  Copper  upon  Water  Hac- 
teria.     Bui.  100,  Pt.  VII,  Bureau  of  Plant  Industry,  pp,  57-71.     1907. 
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CHLORIN  EXPEBIMENTS.  21 

The  application  of  copper  sulphate  to  the  Marion  sand-filter  effluent 
with  a  daily  flow  of  600,000  gallons  on  a  hasis  of  applying  20  ])art8  of 
copper  sulphate  to  each  million  gallons  of  effluent  would  cost  S6  a 
day  for  chemicals,  and  the  cost  of  constructing  a  plant  for  applying 
the  copper  sulphate  would  be  about  $151,  the  main  items  being  as 
follows : 

3.1,500-gallon  solution  tanks $99. 00 

Pipe  and  lumber 20. 00 

Orifice  boT  and  float  rantrol 10.00 

Brasa  orifice 2, 00 

Labor 1».  00 

Total 151.  OO 

The  cost  of  treatment  annually  on  the  above  basis — that  is,  using 
copper  sulphate  to  the  extent  of  20  parts  to  the  million — would  be 
about  $2,920,  proportioned  as  follows: 

36,500  pounds  of  ™ppprBulpbalis  at  (J  (■fiit.i  a  imund f2,  190.00 

I^bor.  one  man,  365  days,  at  ?2  a  day 730. 00 

Total 2.920.00 

Capitalized  at  5  per  cent  this  would  represent  an  investment  of 
$58,000. 

CHLOBIN  EXPEBIMXiNTS. 

After  completing  the  experiments  with  copper  sulphate  it  was 
decided  to  discontinue  the  copper  work  and  experiment  with  the  use 
of  chlorin  in  the  disinfection  of  sewage  effluents  of  difl'erent  degrees 
of  purity.  The  use  of  hypochlorites  or  electrolj'tic  chlorin  has  been 
studied  for  some  years  and  processes  based  upon  the  use  of  chlorin 
have  been  installed  for  sewage  treatment  at  some  places.  Unfortu- 
nately these  processes  usually  were  expected  to  purifv'  as  well  as 
disinfect  sewage  and  necessarily  were  unsuccessful.  It  is  true  that 
in  the  case  of  certain  hospitals  it  may  be  desirable  to  disinfect  the 
crude  sewage  discharged  from  them  and  this  may  be  done  satis- 
factorily by  means  of  chlorin"  without  interfering  with  the  subse- 
quent biological  phenomena  of  purification.'"  Generally  speaking, 
however,  the  proper  function  of  germicides  in  dealing  with  a  lai^e 
quantity  of  sewage  is  that  of  improving  the  biological  character  of 
the  previously  chemically  ])urified  effluent.     This  chemical  puriflca- 

"  Schumacher.  Die  Desinfektion  von  Krankenhausgrubcn  mit  licwmdprer  licrOck- 
sicbtigung  des  Chlorkalkcs  und  ihro  Kontnilie.  fitsundheils-Ingenieur,  28th  y«ir, 
No.  22,  pp.  36t-3fi8,  .\ugup[  10;  No.  23.  pp.  37(K(84,  .\ugust  19:  No.  24,  pp.  3i)3-3!)7 
August  30.     Munich,  1905. 

6  Dunbar  and  Kom.  Ziir  Dcninfcktiiin  von  .Vljwaasi'm  mil  Bl'''''li>i*'i''E''''  R''i'ii- 
gung  deraelben.  Oeeundheits-Ingenieur,  27th  year,  Xo.  2,  pp.  ]7-20.  Miinicb, 
January  20. 1904. 
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tion  may  be  only  partial,  as  in  the  case  uf  the  effluent  from  septic 
tanks,"  or  complete,  as  in  the  case  of  a  hip;li-grade  sand-filter  effluent. 
Tills  phase  of  the  subject  has  recently  attracted  considerable  attention, 
due  perhaps  to  the  advocacy  of  the  use  of  clilorin  for  preventing  the 
dangerous  sewage  contamination  of  shellfish  beds* 

Our  first  experiments  to  determine  the  efficiency  of  chlorin  'as  a 
germicide  were  made  at  Lancaster,  together  with  a  few  laborator_\' 
experiments  in  regard  to  chlorin  absorption  by  the  organic  matter  in 
the  effluent  under  treatment  and  in  artificial  mixtures  containing 
different  amounts  of  crude  oi^anic  matter.  Similar  and  more 
exhaustive  experiments  were  conducted  at  Marion. 

As  the  most  inexpensive  and  practical  source  of  chlorin  for  the 
.  experiments  in  question,  calcium  hypochlorite,  or  bleaching  powder, 
was  selected.  This  commercial  product  will  cost,  upon  an  average, 
about  3  cents  a  pound,  and  in  large  quantities  may  be  purchased  for 
2i  or  2i  cents  a  pound.  The  strength  of  the  commercial  chlorid  of 
lime  in  bulk  varies  widely  and  according  to  analyses  of  the  commercial 
product  purchased  in  Columbus,  Ohio,  ranges  from  18  to  25  per  cent 
of  available  chlorin,  depending  largely  upon  the  degree  of  exposure 
to  which  it  has  been  subjected.  As  an  average  cost  figure  it  may  be 
stated  that  commercial  chlorid  of  lime  packed  in  large  air-tight 
drums  and  guaranteed  to  contain  25  per  cent  of  available  chiorin 
may  be  purchased  in  Oliio  for  2J  cents  a  pound.  On  this  basis  the 
data  of  cost  have  been  calculated.' 

P'or  the  sake  of  convenience  and  accuracy  in  our  experimental 
work,  it  was  decided  to  take  advantage  of  a  product  placed  on  the 
market  in  10-pound  sealed  containers,  costing  4  cents  a  pound  and 
showing  on  analysis  34  per  cent  of  available  chlorin.  This  product, 
of  course,  was  more  uniform  than  the  chenjier  product  purchased  in 
bulk  and,  moreover,  was  not  liable  to  decreasing  chlorin  content  due 
to  exposure. 

According  to  the  experience  gained  at  I^ancaster  and  Marion,  the 
preparation  of  the  1  lyp oc 111 o rite  solution  is  an  important  feature  in 

a  Indiun  (lovi-mmi'iil.  Hcsoliirionj'  un  Ihe  Working  of  Sepric  Tanko.  Calcullii. 
January  <>.  IMMl. 

»  Di),'l>y,  \V.  Piilkr.1,  and  ShftHon.  lU:nry  V.  II.  Pn-ventian  of  Ihc  Bacteria! 
ConiamiiiiUiim  of  Sin-ams  luid  ()y.'it(T  Hcds.  I.iiiidon,  puhiinhpd  liy  ihp  Society  of 
EiigiiU'cni,  inOfi. 

Plicl|i,*.  K.  U,,  and  CariM'nK-r,  \V.  T.  Th.-  Stprilizaiioii  cf  Si-wagc  Filter  Effluents. 
Tccliniilrfiy  QiiarliTly.  vd.  l!),  Xci.  -17.  pp.  ;tK2-H):l.     llnstiin,  December.  1906. 

Plic'ljxi.  E.  It.  Tlie  Stcriliiuilion  lA  Sewage  Killer  ElHtieiils.  Science,  vol,  25, 
X...  M7.  pp.  KIW-WKI.    ■(;arTi.-«.n.  N.  Y„  May  24.  1!M)7. 

Kershaw.  John  It.  ('.  Eli-<-1nilylic  Mellioilii  of  ."^ewaf!!'  SieriliKiliou,  Surveyor  and 
Munic-ipal  and  Ctmnly  Kneiiieer.  vol.  :«).  [ip.  (ifj2  lifA.  749"7.')0.     London.  1905. 

<'  III  luinu'  loralilii-?  hU-acliing  jmivder  in  a<?ale<l  conlaineTH  can  be  purchased  at  fnmt 
11  to  2  centii  a  pound.  ,~.  . 

]15  D,gil,zedbvt.t.O(>t^lC 


CHLOHIN  EXPERIMENTS.  23 

the  successful  chlorin  treatment  of  sewage  effluents.  It  was  fuund 
that  unless  special-  precautions  are  taken  in  dissolving  the  hteaclting 
powder,  many  large  lumps  which  inclose  chlorin  remain  and  materi- 
ally reduce  the  efficiency  of  a  given  weight  of  bleaching  powder. 

The  metliod  of  preparation  found  by  our  experience  to  give  the 
best  results  iu  as  follows:  A  weighed  quantity  of  bleaching  powder  is 
placed  in  a  shallow  box  and  covered  with  sufficient  water  to  form  a 
smooth  paste.  More  water  is  then  added  until  the  heavier  particles 
settle  out,  thus  allowing  the  soluble  and  finely  divided  chlorid  of 
lime  to  be  decanted.  After  decantation  more  water  is  added,  the 
coarse  lumps  are  broken  up,  and  the  proces.s  repeated  until  as  much 
as  possible  has  gone  into  solution.  The  importance  of  thoroughly 
mixing  the  cldorid  of  lime  solution  and  of  grinding  the  dried  chlorid 
as  finely  as  possible  can  not  be  too  strongly  emphasized;  otherwise  a 
loss  of  from  10  to  30  per  cent  may  take  place,  especially  in  the  case 
of  low-grade  bleaching  powder.  Experiments  with  a  high-grade 
bleaching  powder  of  known  strength  indicate  that  the  loss  of  cldorin 
when  the  above  precautions  are  taken  is  not  more  than  1  per  cent. 

boys'    industrial    school,  LANCASTER. 

The  leading  results  obtained  during  the  first  series  of  chlorin  tests 
carried  out  at  Lancaster  are  listed  in  Table  V,  from  which  it  appears 
that  none  of  the  samples  of  treated  effluent  examined  contained  acid- 
forming  colonies;  the  removal  of  coli-Uke  organisms  was  therefore 
practically  100  per  cent.  On  each  day  six  samples  were  collected  and 
were  plated  in  duplicate  upon  lactose-azolitmin  agar,  so  that  the 
results  represent  averages  of  36  samples  with  1  cubic  centimeter 
examined  in  each  case. 

Accompanying  the  complete  removal  of  coli-like  organisms,  the 
treatment  with  chlorin  in  amounts  as  indicated  effected  a  removal  of 
total  organisms  of  99.8,  99.9,  and  99.9  per  cent,  respectively.  In 
organic  compounds  the  effluent  under  treatment  was  substantially 
similar  to  that  found  during  the  copper  experiments,  and  the  tem- 
perature of  the  effluent  was  practically  at  the  maximum  density  of 
4°  C.  In  reviewing  the  results  it  is  interesting  to  note  the  increase 
in  dissolved  oxygen,  presumably  arising  from  the  liberation  of  oxygen 
from  the  calcium  hypochlorite.  It  should  be  noted  further  that  in 
practically  all  instances  by  means  of  the  iodo-starch  tests  residual 
chlorin  was  detected  at  the  discharge  weir  after  a  storage  of  about 
three  hours.  The  hypochlorite  solution  was  tested  twice  during  a 
six-hour  run,  but  in  that  time  was  found  to  be  almost  constant. 
This  solution  was  discharged  into  the  sewage  effluent  at  the  rate  of 
0.75  gallon  a  minute,  and  variations  in  the  (|uantity  of  chlorin  applied 
were  made  by  changing  the  strength  of  the  hypochlorite  solution. 
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Table  V. —  Voluine  of  fioa\  temperature,  organir  and  lutpendtil  malUr*.  anil  rjfiei. 
of  ralcivm  hyporhlorile  applied  to  effivenl,  LancaMter,  Ohio, 
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The  coat  of  constructing  a  plant  for  treating  the  sand  filter  effluent 
of  the  Boys'  Industrial  School  w-ith  chlorin  may  be  taken  at  S92. 
Substantially  the  same  plant  could  be  used  as  in  the  case  of  treat- 
ment with  copper  sulphate. 

The  estimates  upon  the  cost  of  chemicals  are  based  upon  bleaching 
powder  containing  25  per  cent  of  available  chlorin  and  costing  2i 
cents  a  pound.  The  annual  cost,  applying  4  parts  to  the  million  of 
available  chlorin  to  a  sand  filter  effluent  flow  of  160,000  gallons,  would 
he  about  $924,  including  labor,  proportioned  as  follows: 

7,770  i)ouii(iHi)f  bit'acliing  powder,  al  21  rijnls  a  pniin.i $1!M.  25 

l.ii\m:  1  man.  3(i5  days,  nt  $2  a  clay 730,  00 


Cajiitalized  at  5  per  cent,  this  would  represent  an  investment  of 
J18,500. 
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The  procedure  adopted  in  the  chlorin  disinfection  tests  was  sub- 
stantially similar 'to  that  followed  in  the  experiments  with  copper 
sulphate,  but  the  rate  of  application  of  the  disinfectant  solution  was 
increased  to5  gallons  a  minut-e.  As  the  efBuents  from  either  the  septic 
tanks  or  the  contact  filters  could  be  diverted  directly  into  the  effluent 
sewer,  experiments  were  planned  with  each  of  the  three  grades  of  sew- 
age effluents — from  the  sand  filters,  from  the  contact  filters,  and  from 
the  septic  tanks. 

The  effluent  from  the  sand  filters  was  first  experimented  with,  and 
the  quantity  of  chlorin  applied  during  the  three  runs  on  the  sand 
fflter  effluent  was  on  (he  average  3.S,  3.0,  and  1.5parts  to  themilhon. 
An  examination  of  the  tabulated  chemical  data  given  in  Table  VI  will 
show  interesting  indications  as  to  the  effect  of  the  applied  chlorin  on 
the  character  of  the  treated  effluent,  pointing  to  a  considerable 
reduction  in  free  carbonic  acid  and  to  an  increase  in  the  quantity  of 
dissolved  oxygen.  The  change  in  the  nitrates  and  nitrites  in  the  case 
of  these  three  runs  is  apparently  too  small  to  warrant  discussion.  Aa 
shown  in  Table  VI,  in  the  first  two  runs  the  sterilizing  effect  of  the 
chlorin  was  sufficient  to  remove  98.8  and  99.7  per  cent  of  the  total 
bacteria,  98.5  and  99.1  per  cent  of  bacteria  developing  on  lactose- 
azolitmin  agar  at  37°  C,  and  100  per  cent  of  the  acid-forming  bac- 
teria, respectively.  The  conclusion  may  therefore  be  drawn  that 
BaciUus  coli  was  not  present  in  the  treated  effluent.  On  the  third 
test  with  a  chlorin  concentration  on  the  average  of  only  1 .5  parts 
to  the  million,  the  bacterial  removals  were  94.3  for  total  bacteria 
at  20°  C,  99.2  for  bacteria  developing  on  lactose-azolitmin  agar  at 
37"  C,  and  99.9  per  cent  for  acid-forming  bacteria.  The  average 
of  the  platings  at  37°  C.  in  the  case  of  the  third  run  contained  but 
one  red  colony.  This,  by  full  determinative  tests,  was  found  to  be 
BaciUus  coli. 

Table  VI.—  Volume  o/  fiow,  temptrature,  organic  and  sutpended  malUr,  and  ejjkieruy 
of  ealcium  hypocklorile  applied  lo  sarut  and  contofi ^Uer  efflitenis  and  lo  arpllr  sewage, 
reapecfively.  Marion,  Ohio, 


Parts  per  rn 

Hon. 

Vo,«m. 

.emuent 

«a«a. 

mum.    mum. 

ngc- 

mom. 

mum. 

««e.      1 

' 

'C 

in'n 

]fi 

Stptic  rin.i.nt 

a  2          ,.0 

7.U 

0«,000 

^.^ 

sw,a» 

8,0 

(.« 

,  Google 


26  DISINFECTION    OF    SEWAGE    EFFLUENTS. 

Tarle  VI, —  Volume  of  fiou .  Ifmperahirf,  organic  and  Kiitpcndrd  matlrr.  and  •■fficiimry 
if  adriiiw  hyporhloritt  applied  to  xand  and  rontaH  filter  fffliienla  and  loxepliraewagf. 
rnpKtii!flii,  Marion.  Oftio^('onlinued. 


miii 


3anil  ^uent . 

fluent 

Contiicl      e  I  - 
fluiTl 

Septtc  cfliuf  lit 
Ki^Xic  rflliuHit 
Septic  eflluept . 


:.  00.5111.20 10. 

fi.no. Boo.fio!  T.o]  n.' 

9,0.0201).  191  3.1 


liiAil 


St  gS.|' 


U  2«  Zfi 
K  27,  -JS 
30.  30.    se 


Site. 


24^  is.y  II 

3s!  itaI  itvI  LS^  5.4 


Bacteria  per  rulde  « 


' 

«... 

«unt. 

Redmln- 

11 

ll 

p 

II      p 

1 

11 

«,«» 

570 

B.SOO 

■™ 

1,300,         0 

»8.« 

Not  1., 

,'<i,ooo' 

140 

7,000 

no 

m.       0 

99,7 

Not  [n 

70.000 

4.000 

30.000 

IfiO 

4,ono        1 

:: 

''^In 

OJi  p. 

'■■■"», 

''** 

73.000 

..70 

io.,«l       0 

"■' 

%'e" 

"»■"", 

WK 

160,000 

100 

2i,noo:       3     90,,* 

m.J 

ioo,nnol 

.■joo.ouo 

J40,ono 

15,000   T,W_     IKI 



«n.n(o 

^.w 

«50,ooi  ■.v<r,rnn 

w.ooo'i5,ooo     wo 

.»o.a»j 

"H 

460, 001. 100, 000 

00,00051,000^     3o.( 

In  iiiUlilion  to  the  pnunipration  of  thp  acid -forming;  colonies 
alr'n<iy  nu-ntioned,  fiirthor  data  were  obtained  as  to  tho  colon  con- 
tpnt  of  the  treated  effluent  by  means  of  the  dilution  method,  using 
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fermentation  tubes,  supplemented  by  determinative  tests.  This 
method  applied  to  the  untreated  effluent  in  the  case  of  the  three 
runs  under  discussion  indicated  the  range  of  Bacillus  coli  as  1,000, 
2,000,  and  2,000  to  the  cubic  centimeter,  respectively.  In  the  case 
of  the  treated  effluent,  however,  the  organisms  were  not  found  in  1 
cubic  centimeter.  In  the  third  run,  however,  with  a  chlorin  con- 
centration of  only  1.5  parts  to  the  million,  the  presence  of  BaeiUus 
coli  was  detected  in  1  cubic  centimeter.  At  fifteen-minute  inter\'als 
during  these  tests  the  presence  of  residual  chlorin  was  determined  at 
the  weir  in  the  effluent  sewer  and  at  the  outlet  into  Rock  Swale 
Creek.  The  results  of  these  tests  in  the  case  of  the  sand-filter  effluent 
were  always  negative. 

The  effluent  from  the  contact  filters  was  now  diverted  directly  to 
the  treating  chamber.  This  effluent,  of  course,  contained  organic 
matter  of  a  more  putrescible  character  than  did  the  sand  effluent 
previously  studied.  The  quantity  of  chlorin  applied  ranged  from  a 
minimum  of  1.7  to  a  maximum  of  14,5  on  the  first  run;  on  the  second 
run  from  a  minimum  of  2.6  to  a  maximum  of  20.4;  and  on  the  third 
run  a  minimum  of  2  to  a  maximum  of  31.8  parts  to  the  million. 
The  quantity  of  sewage  discharged  varied  widely  at  different  times 
during  the  day,  depending  upon  the  amount  of  sewage  held  in  the 
filter.  At  the  end  of  a  discharge  the  rate  is  very  small,  and  during 
such  periods,  of  course,  the  strength  of  chlorin  applied  was  greatly 
increased. 

In  this  connection,  the  following  tabulation  of  weir  readings  of 
one  run  with  the  contact-filter  effluent  will  be  of  interest  as  illus- 
trating the  fluctuation  in  the  quantity  of  effluent  to  be  treated.  In 
a  case  of  this  sort  it  is  necessary  to  apply  chlorin  sufficient  to  dis- 
infect the  maximum  rate  of  flow,  but  where  possible  storage  facilities 
should  be  provided  to  impound  the  effluent  and  thus  secure  a  dis- 
chai^e  at  a  regular  rate. 

Tablk  Vll.—Difrrenl  raUs  of  flow  of  eontaci-flller  ejfluenl.  Marian.  Ohio.  Marrh  iS, 
1907,  eompiited  on  the  bamt  of  a  tventy-four-hour  coralant  flow. 


The  effect  of  the  applied  chlorin  on  the  chemical  character  of  the 
contact-filter  effluent  is  similar  to  that  produced  in  the  sand-filter 
effluents  with  the  exception  that  the  nitrites  in  the  treated  effluent 
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were  considerably  highor  than  in  the  effluent  before  chJorin  treat- 
ment. The  average  quantity  of  chlorin,  2.9  parts  to  the  nullicn, 
sufficed  to  remove  97.8  per  cent  of  the  total  organisms.  The  teats 
for  BadUus  coli  by  the  dilution  method  indicated  that  the  contact- 
filter  effluent  contained  about  20,000  to  the  cubic  centimeter,  but 
after  treatment  these  oi^anisms  usually  could  not  be  detected  in  0.5 
cubic  centimeter  of  the  effluent. 

In  the  second  run,  with  an  average  chlorin  application  of  5  parts 
fo  the  million,  the  reduction  of  total  organisms  was  97.6  per  cent, 
that  of  bacteria  developing  at  37°  C.  on  lactose-azolitmin  agar  was 
99.5  per  cent,  and  the  removal  of  acid-forming  bacteria  was  100  per 
cent.  Further,  Bacillus  coli  usually  was  not  found  in  0.5  cubic  cen- 
timeter of  the  treated  effluent,  while  in  the  untreated  effluent  it  was 
found  in  numbers  averaging  15,000  to  the  cubic  centimeter.  The 
total  organisms  in  the  treated  effluent  were  1,600,  and  the  total 
development  at  37°  C-  was  370  to  the  cubic  centimeter.  No  red 
colonies  were  found  during  this  run. 

On  the  third  run,  with  an  average  chlorin  application  of  4,4  parts  to 
the  million,  the  total  removal  of  bacteria  developing  at  20°  C.  was  99.8 
per  cent,  the  removal  of  bacteria  developing  at  37°  C.  was  99.4  per 
cent,  and  the  removal  of  acid-forming  bacteria  was  99.9  .per  cent. 
The  red  colonies  developing  in  the  case  of  the  untreated  effluent 
contained  21,000  organisms  to  the  cubic  centimeter,  while  in  the 
treated  effluent  only  3  were  found.  The  tests  by  the  dilution  method, 
however,  indicated  that  Bacillus  coli  usually  was  not  present  in  1 
cubic  centimeter,  although  found  in  the  untreated  effluent  approxi- 
mately 20,000  to  the  cubic  centimeter. 

The  tests  for  residual  chlorin  in  the  treated  effluent  at  the  manhole 
in  the  effluent  sewer  and  at  the  cofferdam  were  always  negative  at  the 
latter  point,  although  occasionally  positive  at  the  former.  The 
details  of  these  experiments  are  shown  in  Table  VI. 

Following  the  experiments  with  the  treatment  of  the  contact  filter 
effluent,  attention  was  directed  to  the  application  of  chlorin  to  the 
effluent  from  the  septic  tanks.  The  addition  of  approximately  5 
parts  of  chlorin  to  1,000,000  parts  of  septic  sewage  did  not  suffice  to 
effect  a  ver\'  material  removal  of  either  total  bacteria  or  fermenting 
organisms.  The  data  given  in  Table  VI  show  a  total  bacterial 
removal  ranging  from  36  to  88  per  cent.  A  higher  concentration  of 
chlorin  produced  only  a  slight  increase  in  efficiency.  At  the  highest 
concentration  tested,  the  acid-forming  bacteria  in  the  applied  sewage 
were  100,000  to  the  cubic  centimeter  and  were  reduced  by  the  chlorin 
treatment  to  51,000,  showing  an  average  reduction  of  49  per  cent. 
The  indications  from  the  experiments  in  the  chlorin  treatment  of  the 
septic  eftluent  are  that  «4th  the  quantity  of  chlorin  applied  ranging 
from  4.3  to  7,6  parts  to  the  million  the  removal  of  bacteria  is  by  no 
iiG  /.tlD^lc 


CHLOKIN  EXPEKIMENT8.  29 

means  as  complete  as  is  desirable.  Tests  for  the  presence  of  residual 
chlorin  in  the  treated  effluent  were  carried  out,  but  were  negative  in 
pverv'  instance. 

Following  the  experiments  just  discussed,  in  which  the  quantity  of 
chlorin  applied  ranged  from  4.3  to  a  maximum  of  7.6  parts  to  the 
miUion,  an  effort  was  made  to  learn  the  efficiency  of  greatly  increased 
amounts  of  chlorin.  Such  information  would  appear  to  be  of  con- 
siderable importance  in  connection  with  the  disinfection  of  hospital 
sewages  at  times  of  epidemics  in  cases  where  sedimentation  alone  is 
the  only  permanently  available  means  of  treating  the  crude  sewage. 
To  this  end  six  experiments  in  the  chlorin  treatment  of  septic 
sewage  were  made  at  Marion,  the  amount  of  chemical  applied  ranging 
from  an  averse  of  7.3  to  a  maximum  average  of  48.5  parts  to  the 
million.  The  experiments  at  these  higher  concentrations  were  con- 
ducted substantially  as  those  already  discussed. 

By  reference  to  Table  VIII  it  will  be  noted  that  about  25  parts  to 
the  million  of  applied  available  chlorin  were  sufficient  to  remove  a 
substantial  proportion  of  coli-like  organisms,  although  a  complete 
removal  of  Bacillus  coli  was  not  accomplished.  In  the  case  of  the 
fourth  experiment  at  an  approximate  concentration  of  25  parts  to 
the  million,  with  a  sewage  flow  averaging  about  650,000  gallons,  the 
total  bacteria  in  the  untreated  sewage  averaged  800,000  and  were 
reduced  to  62,000.  The  number  of  bacteria  to  the  cubic  centimeter 
developing  on  lactose-azotitmin  agar  at  37°  C.  was  200,000  and  was 
reduced  to  35,000.  Bacillus  coli  in  this  test,  as  shown  by  the  bile 
broth  fermentation  tube  method,"  was  present  in  numbers  amounting 
to  15,000  to  the  cubic  centimeter  in  the  untreated  sewage  and  50  to 
the  cubic  centimeter  after  chlorin  treatment,  the  reiiuction  being  99.3 
per  cent. 

In  the  subsequent  runs  in  which  the  concentration  of  the  applied 
available  chlorin  was  increased  to  a  maximum  average  of  48. 5  parts 
to  the  million  the  removal  of  BacUlua  coli  was  found  only  slightly 
greater  than  in  the  case  of  the  appUcation  of  25  parts  to  the  million 
of  available  chlorin,  the  number  of  Bacillus  coli  remaining  in  the 
treated  sewage  ranging  from  20  to  200  to  the  cubic  centimeter.  In 
this  connection  it  should  be  noted  that  the  suspended  matter  in  the 
septic  effluent  increased  considerably,  and  this  probably  in  targe  part 
explains  the  low  removals  obtained  with  the  increased  quantity  of 
applied  chemical.  Observations  made  during  the  experiments  at 
Marion  emphasize  the  great  effect  of  the  periodic  dischat^  of  a  septic 
effluent  charged  heavily  with  suspended  matters.  At  such  times,  no 
doubt,  the  absorption  of  the  chlorin  is  very  great,  and  presumably  the 

"Jackson,  D.  D."  "A  new  solution  for  the  presumptive  lest  for  BarilluB  coli." 
Biol<^cal  Studiee  by  the  Pupils  of  William  Thompson  Sedgwick,  pp.  292-299. 
Burton,  1906. 
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organic  inattefs  in  suspension  in  the  septic  effluent  destroy  &  consid- 
erable part  of  the  disinfectant  added. , 

The  effect  of  the  different  concentrations  of  applied  chlorin  in  the 
case  of  the  Marion  septic  sewage  ia  noticeably  erratic  in  this  regard. 
The  conclusion  seems  tenable  that  these  irregularities  are,  in  great 
part  at  least,  to  be  attributed  to  the  presence  in  the  septic  effluent  of 
large  masses  of  suspended  matter.  On  this  account  available  evidence 
seems  to  point  to  the  strong  advisability  of  thoroughly  settling  a  septic 
tank  effluent  in  the  case  of  contemplated  chlorin  treatment,  except,  of 
course,  in  those  special  cases  where  the  flexibility  of  the  design  of  the 
septic  tanks  is  such  that  a  well-settled  septic  effluent  is  normally 
obtained  at  all  times. 

Tablb  VIII. — Volume  of  flow,  temperature,  organic  and  tuspended  motto;  and  e£icieney 
of  caldum  hypochlorite  applied  to  uptie  iewage,  Marion,  Ohio. 
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The  cost  of  constructing  a  plant  for  treating  the  several  effluents 
studied  at  the  Marion  sewage  plant  may  be  taken  as  $151,  exclusive 
of  arrangements  for  supplying  water  to  dissolve  the  chlorid  of  lime. 
This  estimate  allows  for  continuous  treatment  at  a  rate  of  flow  of 
600,000  gallons  in  twenty-four  hours. 

The  cost  of  applying  4  parts  to  the  million  of  available  chlorin  to 
the  sand  filter  effluent  is  $730  annually.  The  total  annual  coBt, 
including  labor  but  excluding  the  cost  of  .supplying  water  for  pre- 
paring the  chlorin  solution,  would  bo  about  $1,620  on  the  basis  of 
an  effluent  flow  of  600,000  gallons  daily.  Capitalized  at  5  per  cent, 
this  would  represent  an  investment  of  $29,000. 

The  cost  of  applying  5  parts  to  the  million  of  available  chlorin  to 
the  contact  filter  effluent  would  be  about  $2.50  a  day,  requiring  100 
pounds  of  the  chemical.  The  total  annual  cost,  including  labor  but 
excluding  the  coat  of  pumping  or  otherwise  supplying  the  water  for 
dissolving  the  germicide,  would  be  about  $1,640.  CapitaUzed  at  5 
per  cent,  this  would  represent  an  investment  of  $34,000. 

Assuming  25  parts  to  the  million  as  a  fair  average  figure  for  the 
disinfection  of  the  septic  effluent,  provided  the  same  is  at  all  times 
free  from  abnormal  amounts  of  suspended  matters,  the  total  annual 
cost,  including  labor,  would  be  about  $5,300.  Capitalized  at  5  per 
cent,  this  would  represent  an  investment  of  about  $106,000. 

CHLORIN  ABSORPTION  BXPBRnCXNTB. 

In  connection  with  studies  made  at  Guilford,  England,  regarding 
the  treatment  of  sewage  effluents  with  chlorin,  Doctor  Kideal  con- 
cluded that  there  was  a  fairly  definite  relation  between  the  chlorin- 
consuming  power  of  the  effluent  and  the  oxygen  consumed  resulting 
from  a  five-minute  boiling  test."  He  states  that  the  ratio  of  chlorin 
consumed  to  oxygen  consumed  is  practically  constant;  that  chlorin  in 
excess  of  the  absorption  amount  is  required  for  sterilization,  and  that 
the  quantity  of  chlorin  necessarj'  for  treatment  can  be  computed  by 
multiplying  the  oxygen  consumed  by  the  factor  1.7. 

In  view  of  the  importance  attached  to  chlorin  absorption  by  pre- 
vious investigators  and  the  fact  that  a  fixed  relation  between  the 
chlorin  and  the  oxygen  consumed,  respectively,  would  be  of  marked 
value  in  the  practical  control  of  sterilization  with  chlorin,  it  was 
decided  to  make  certain  studies  to  inquire  into  the  chlorin-oxygen 
relation   for   conditions   at   Lancaster,    Ohio.     Especially   was   this 

"Rideal,  Samuol.  Oi>  the  Slerilization  of  Efflucnifi,  etc.  Journal  nt  the  Koyal 
Sanilary  Inatitute,  vol.  26,  No.  7,  pp.  378-^06;  discuseion,  pp.  407^16.  London, 
August,  1905.  Oxychloride  Sewage  Purification.  Sanitary  Record  and  Journal  of 
Saoitary  and  Municipal  Engineering,  vol.  34,  pp.  329-332.  London,  October  C,  1904. 
Sewage  and  Bacterial  Purification  of  Sewage.  3d  ed.,  Loudon  and  New  York,  IWG, 
p.  186. 
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important  since  a  complete  removal  of  Bacillus  coli  was  obtained  by 
tlie  uso  of  slightly  less  than  5  parts  of  ehlorin  to  the  million,  and  also 
since  there  was  noted  the  presence  of  residual  ehlorin  aft^T  a  thre^- 
hoiir  storage  of  the  treated  effluent.  Taking  into  consideration  the 
average  oxygen  consumed  of  the  treated  effluent,  the  indications 
were  that  the  relation  between  the  ehlorin  and  the  oxygen  consumed 
was  somewhat  dilTerent  from  that  suggested  by  Kideal. 

Experiments  at  Lancaster  bearing  upon  the  supposed  ratio  between 
the  ehlorin  and  the  oxygen  consumed  consisted  in  a  series  of  tests  in 
which  various  dilutions  of  crude  sewage  and  of  sewage-plant  effluent 
were  added  to  standard  solutions  of  ehlorin.  The  ehlorin  was,  of 
course,  added  in  the  cold,  and  after  a  live-minute  period  of  contact  the 
residual  ehlorin  was  determined  by  titration  with  arsenious  acid.  A 
contact  period  of  two  hours  was  also  studied  to  obtain  information  in 
reirard  to  the  effect  of  time  on  the  absorption  of  the  ehlorin.  To 
obtain  the  relation  between  the  ehlorin  consumed  and  the  oxygen  con- 
sumed the  latter  was  determined  in  the  case  of  all  samples  by  the 
standard  method  of  boiling  for  exactly  five  minutes  with  an  excess  of 
permanganate  in  acid  solution. 

A  second  method  of  studying  chlorin-absorption  phenomena  was 
carried  out  by  adding  to  a  known  volume  of  the  sewage  effluent  vary- 
ing amounts  of  ehlorin,  ranging  from  2  to  75  parts  to  the  million. 
After  the  end  of  0.25,  0.50,  0.75,  1.00,  1.50,  2.00,  2.50,  3.00,  and  4.00 
hours  the  presence  of  residual  ehlorin  was  determined  by  means  of 
iodo-starch  paper. 

Speaking  generally,  the  results  of  the  experiments  carried  out  at 
Lancaster  as  to  ehlorin  consumed  were  somewhat  erratic.  In  view  of 
the  high  absorption,  moreover,  it  is  difficult  to  account  for  the  pres- 
ence of  residual  ehlorin  after  three  hours'  storage  when  only  5  parts 
of  ehlorin  to  the  million  were  being  added  to  the  sewage  effluent,  unless 
it  is  due  to  incomplete  displacement  in  the  storage  reservoir.  However 
this  may  be,  the  results  at  Lancaster  indicated  that  there  was  no  defi- 
nite relation  between  the  oxygen  consumed  and  the  ehlorin  consumed 
and  that  notwithstanding  the  high  chlorin-absorptive  capabilities  of 
the  sewage  effluent  the  addition  of  5  parts  of  ehlorin  to  the  million  suf- 
ficed to  destroy  practically  100  per  cent  of  the  organisms  of  the  colon 
group,  indicating  that  oxygen  liberated  from  the  decomposing  chlorid 
of  lime  accomplished  disinfection,  although  the  organic  character  of 
the  effluent  was  such  that  it  could  absorb  many  times  the  quantity 
of  ehlorin  applied.  Referring  to  Tables  IX  to  XI,  inclusive,  it  will  be 
noted  that  these  results  strongly  indicate  that  there  is  no  definite 
relation  between  the  chlorin-consuming  power  of  the  effluent  and  the 
""ygpn  consumed  as  shown  by  the  five-minute  boiling  test.  Compar- 
ing Tables  IX  and  X  there  will  be  noted  the  wide  range  in  the  quantity 
of  ehlorin  absorbed  by  the  effluent.     The  increase  after  a  two  and  a 
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four  hour  contact,  respectively,  is  also  worthy  of  note.  Comparing 
Tahles  X  and  XI  there  is  obtained  a  rough  indication  o{  the  effect  of 
the  concentration  of  chlorin  upon  the  absorptive  power  of  the  effluent. 
Speaking  generally,  it  may  l>e  said  that  tliere  is  an  increased  absorp- 
tion as  the  organic'  content  of  the  treated  liquid  increases,  and  also  as 
the  strength  of  applied  chlorin  increases." 

It  appears  that  under  conditions  obtaining  in  these  experiments 
chlorin  up  to  7.5  parts  to  the  million  would  be  absorbed  from  the 
sewage  effluent  in  about  0.75  hour  and  that  chlorin  in  concentrations 
of  10  parts  and  over  would  be  detected  in  the  treated  effluent  at  the 
end  of  four  hours.  Additional  experiments  showed  entirely  different 
results,  however;  in  one  instance  a  chlorin  concentration  of  75  parts 
to  the  million  could  not  be  detected  at  the  end  of  one  hour,  Data  illus- 
trating these  points  are  given  in  Tables  XIV  and  XV. 

In  continuing  at  Alarion,  Ohio,  the  study  of  the  absorption  of  chlorin 
by  organic  matter  and  the  possible  relation  between  such  absorption 
and  the  oxygen  absorption  shown  by  the  standard  oxygen-consumed 
proce8S,therewere  carried  out  forty-eight  separate  experiments.  These 
experiments  dealt  with  the  question  of  chlorin  absorption  and  used, 
respectively,  sand  filter  effluent,  contact  filter  effluent,  septic  sewage, 
and  crude  sewage,  each  being  prepared  at  different  dilutions  by  the 
addition  of  tap  water. 
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Tablb  XI.— Relative  abaorption  of  chlorin  and  oxygen  by  the  Lanauter  tand  filter 
effitunt  vith  rarioui  quantitia  of  tap  water.  Chlorin  eoTuentration  of  100  porta  to 
the  million. 
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Table  XII. — Chlorin  abtorbed  by  avde  sewage  dilultd  with  Afferent  qiumtilut  of  tn 
aaUr.     Chlorin  toncenlration  of  500  partt  to  the  million. 
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Table  XV. — Chlorin  abtorption  when  amilant  roluma  of  effluent  are  IreaUd  vnlh 
Afferent  quantitiei  of  dthrin  for  diffrrent  periods  of  coniacl.  Volume  of  efflvmt 
treated,  500  ertbie  eenlimttera. 
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Generally  speaking,  the  results  of  the  somewhat  exhaustive  study 
of  these  chlorin-absorption  phenomena  were  very  much  more  con- 
sistent than  the  few  data  obtained  at  Lancaster.  The  work  was  car- 
ried out  in  a  very  systematic  manner,  better  facilities  were  at  hand 
for  rapid  operation,  and  consequently  the  results  are  to  he  considered 
much  more  reliable. 

In  tabulating  the  data  they  are  presented  in  two  different  ways,  the 
first  intended  to  show  the  effect,  of  the  concentration  of  the  applied 
chlorin  upon  the  amount'of  absorption  and  the  chlorin-oxygen  con- 
sumed ratio  and  also  the  effect  of  the  period  of  contact  upon  these 
same  data.  To  this  end,  therefore,  the  four  kinds  of  sewagic  liquid 
studied  are  listed  in  Tables  XVI  to  XXXV,  inclusive,  showing  the 
averse  results  for  the  different  dilutions  with  tap  water,  the  effect 
of  the  time  factor  and  the  strength  of  the  applied  chlorin  upon  the 
chlorin  absorption  and  of  the  chlorin  consumed  to  oxygen  consumed 
ratio. 

In  Tables  XXXVI  to  XLII,  inclusive,  are  given  the  average  results 
of  the  forty-eight  experiments  arranged  with  a  riew  to  indicate  the 
effect  of  organic  matter  at  different  concentrations  of  applied  chlorin, 
the  tables  being  arranged  as  before  with  respect  to  the  degree  of  dilu- 
tion of  the  sewage  under  study. 

From  the  summarized  results  of  the  chlorin-absorption  studies 
tabulated  the  following  conchisions  may  be  drawn: 

(!)  The  ratio  of  chlorin  consumed  to  oxygen  consumed  in  a  five- 
minute  period  of  contact  bears  no  constant  relation  to  the  oxygen 
consumed  by  the  five-minute  boiling  method. 

(2)  The  concentration  of  applied  chlorin  affects  the  quantity  of 
chlorin  absorbed,  the  absorption  at  a  concentration  of  100  parts  to  the 
million  being  fully  double  that  at  50  parts  to  the  million. 

(3)  Increasing  concentrations  of  chlorin  up  to  250  parts  to  the 
jniUion  increase  the  quantity  of  abtorbed  chlorin  vety  tnatniallyi  but 
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above  this  there  appears  to  be  very  Uttle  increased  absorption  even 
with  a  chlorin  concentration  of  500  parts  to  the  million. 

(4)  Increasing  the  period  of  contact  to  two  hours  effects  but  little 
increase  m  the  ratio  of  chlorin  consumed  to  oxygen  consumed,  except 
for  the  higher  chlorin  concentrations  of  from  250  to  500  parts  to  the 
million. 

(5)  The  actual  amount  of  chlorin  absorbed  in  five  minutes  by  the 
several  liquids  tested,  under  concentrations  of  chlorin  of  50,  100,  250, 
and  500  parts  to  the  million,  ranged  as  follows: 

Crude  sewage 24  to  148 

Septic  sewage 41  to  160 

Contact  filter  effluent 42  to   80 

Sand  ater  effluent 33  to   68 

(6)  The  absorption  of  chlorin  apparently  is  lai^ely  dependent  upon 
the  organic  content  of  the  liquid  treated,  increasing  materially  as  the 
oxygen  consumed  of  the  effluent  increases,  but  not  in  a  definite  ratio. 

(7)  For  the  same  concentration  of  applied  chlorin  the  ratio  between 
the  chlorin  consumed  and  the  oxygen  consumed  appears  to  increase 
as  the  organic  matters  decrease. 

(8)  The  readily  oxidizable  matter  in  the  septic  sewage  studied  ap- 
parently causes  a  rapid  absorption  of  chlorin,  increasing  the  chlorin- 
oxygen  ratio,  especially  in  the  case  of  the  lower  concentrations  of 
applied  chlorin. 

Table  XVI. — Rrlativt  afaorplion  o/rhlorin  and  arygen  bji  enide  »ewagt. 
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Table  KVlll.—Relatii'e  abiorption  of  eklann  and  acygen  by  conflict  ffflntiU. 
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Table  XXI. — Hflativf  abiorption  of  chlorin  and  vxygen  by  75  parts  of  itptic  effluent 
diluttd  tpiUt  25  parti  of  lap  voter. 
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Table  XXII. — Relalirt  abgorplion  o/chlonn  and  oiggrn  6y  7.5  port*  o/eimUiet  effiutnt 
dihittd  with  tS  parU  of  tap  vaUr. 
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rfliiml  diluted  trith  S3  parti  of  tap  ii-aler. 
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Table  XXVI. — Relative  abtorptum  o/rhlorin  and  oxygen  by  50  parts  of  anUaet  effiuenl 
dilulrd  taith  60  parli  of  lap  icater. 


.   cooaumed  .  conaumed 


Table  XXVll. —firlatire  absorplion  of  chlortn  imd  ojT/gtn  by  7.5  parin  of  Mnrf  filter 
affluent  diluted  mth  25  parti  of  tap  vaUr. 


cbloriD 


ChlorlD 
^naDined 

mil  lion). 


Ratio  oC 

cblorln  to 
oiygen. 


Tabi.b  XXVlll. —  Rtlalire  abiorption  of  chlorin  and  oxygen  by  50  parti  of  cnidt  sewage 
diluted  with  50  parts  of  tap  uialer. 


Conwnt™ 

FlvD 

Zl    ^^X°'o 

Two  hour. 

'£iS£t 

""»«"■ 

mlllionl. 

JO 

SO 

„ 

. 

" 

■a 

1.2 

M 

Table  XXIX. — Retatiif  absorption  of  ehlorin  and  oxygen  by  60  parts  of  septic  ffiumt 
iHhtttd  mth  50  part*  of  lap  icofer. 


Conamtra- 

tlonol 
chlortn 

•i 

Five 

minul«a' conuct.           1   Two  hour 

■„nu.t. 

O.ygcn 
eonaumal 

.o™™«  1  «■»•",' Ls,":£d 

Ratio  ol 

^1           ^1          II   1          Ifr 

i 

,db,GoOglc 


DISINFECTION   OF   SEWAGE   EFFLUENTS. 


Table  XXX. — Relaliee  abtorption  of  ehXorin  and  oxygen  by  SO  parte  o/rmUact  rffiucnt 

diluUd  Mth  SO  partt  of  lap  vxUrr. 


Five  mlnut**'  contact. 

Two  houn 

■conUci.   1 

chlorin 

(part*  per 

Chlorin 

'aw: 

Ratio  of 

o»re«i. 

488 

14 

M    1            IS 
W    1            3.3 

37    1            i« 

36 
S3 

4.3 
3.8 

Tablb  XXXI. — Relatioe  abtorptxon  <tf  cUorin  and  oxygen  by  SO  para  q/"  tand  filUr 
fffiuenl  diluted  trirt  50  partt  of  lap  watrr. 


ConcentiB- 
tlon  ot 
chlorin     I 

(parts  per 


Five  ml  nutea' contact. 


Table  XXXII. — Relative  abtorpiion  of  chlorin  and  oxygen  by  tS  partt  of  crude  tewage 
diltittd  with  75  partt  of  tap  water. 


FIvBmlautra' contact.                Two  hours' contact. 
CoQoentra-' _ 

'gg  'asariaax  5"."°  's;.r,  'SS." 


Table  XXXlll.— Relative  absorption  of  chtonn  and  o.cygen  by  26  partt  of  septic  effiuent 
dihtted  with  75  partt  of  tap  ivater. 


Five  mlhutcK' contact. 

Two  hcun 

'contact. 

'S' 

Ojjgeo 
connuincd 
(piirl»  per 

Chlorin 
IpBrta  per 

K..IOO, 

chlorin  to 
ojijgfn. 

Chlorin 

'SLT 

Ratio  of 
chlohn  lo 
oxygen. 

i 

12 
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Tablb  XXXIV. — Selatii:e  abtorption  of  (Morin  and  oxygen  by  S5  parU  of  OMtaet  effiuent 
Muted  ■urilh  15  parti  of  tap  water. 


c™„„»|            '1— ..-■•o~»- 

Twoboura'ooDtact.    1 

ehloilD     i    Oiygen 

"SlIto)!'' 

Ratio  ol 
ctiJaTlii  to 

Chlorin 

Rttio  or 

2S 

IB 

3.6 

Is 

30 

1.4 

Tablb  XXXV. — Relative  abtorption  of  dhlmin  and  oxygen  by  iS  parti  o 

fffiuent  diluted  with  7S  parti  of  tap  tBater. 
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Five 

oilnutM'  COD 

tftCt. 
O.jrgHl. 

Two  hour, 

■conwct. 

Oxy«BQ 
(purti  per 

(partB  per 

Chlorin 

Cp»rM  par 
mil]  Ion). 

oiygHi. 

« 

! 

11 

2e 

27 
M 

&4 

Tablb  XXXVI. — Reialiee  abiorpiion  of  dtlorin  and  oxygen,  eboiving  etpedally  the 
effect  of  organic  matlfr;  100  parti  ofeewage  or  effiuent;  rontart  period,  fivt  minvUt. 


Aft. 

(p.rt»perrailU(.n). 

Chlorin  c 
(p«rt«pe 

■nllUoo).                     oiygen. 

age. 

* 

Con- 
mur 

est. 
2) 

efflu- 
ent. 

Crude  *'(P- 

IN     leo 

tKt    5J^  crude;  *g-  ^  t«ct 

efflu- 
ent. 

Tablb  XXXVII. — Relative  abiorption  of  chlorin  artd  oxygen.  Stowing  apedally  the 
efffct  of  organic  matter;  75  parts  of  sewage  or  effluent  diluted  with  1.5  parts  of  tap 
water;  contact  period,  five  mmu(M. 
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Table  KKXYlll-^Relative  abtorptum  of  ehiorin  and  oxggen,  ihomng  ttpedallg  the 
effect  of  organk  mailer;  50  part*  of  tewage  or  effiyenl  diluted  vith  50  part*  of  lap 
latler;  ci/ntacl  period,  five  Tuinute*. 

Ratio  of  cblorln  I 


(parts    Cnidfl'  ^^    tact    S?,„  Cnnle!  ™.K^    1 
per        Bew-I    ™     flltor  fi™/    w- 1  „„     « 


3.3      3.3       4.0 


Tablb  XXXIX.—- flfin/it^  abtorpti/m  nf  i-hlorin  and  oxi/gen,  thawing  enpeeially  tht 
effert  of  organic  matirr;  ^5  parLl  of  sewage  or  rfftvenl  diliiled  vHlh  75  parts  nf  lap 
water;  contart  period.  Jive  minutei. 


m^^wmmwmm 


i.e   I  3.B   I  3.9   '  5.1   ; 


Tablr  XL. — Rtlaiire  abiorplion  of  i-hlorin  and  oxygen,  ihowing  etpeeialiy  flie  effect  of 
organic  matter;  IIXI  parts  of  tevagr  iir  rffiuml;  coniacl  periori,  tvo  hmim. 


I    (p«rt«    Crude!  7?^ 
|m&).'!S"'*"- 


'"^    illLWr    ' 


Table  XLI. — Relative  abtorption  of  rhhrin  and  o.rygm,  thowing  especially  the.  effect 
of  organic  matter;  75  partt  of  seteage  or  cffliient  diltitfd  >eilh  ^5  parts  of  lap  water; 
cnnlacl  period,  two  hoiirt. 


Com^n- 

1  parts  per  mtUion).     ,      (parts  per  mlllJon).    | 

oxygon. 

1„ 

[.f  chlorin 
(parti 

roiflfon). 

Ill 

l.l       1.9 
t.7      sis 

.» 

TO        37 

SI"    SIS 

40    i    33      0.S 
74    j    03      2.4 
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SUMMARY    AND   CONCLUSIONS.  43 

Table  XLII. — Relativt  absorption  of  ehUuin  mid  oxygen,  thawing  apecially  the  effect 
of  orgamk  matter;  50  parli  of  lewage  or  effiuent  diluted  vnth  50  parti  of  tap  water; 
amtaet  period,  two  hour*. 


SinaCABT  AND  OOHCLTTSIOKS. 

(1)  It  is  desirable  in  many  instances  to  remove  from  the  8ew^;e 
effluent  bacteria  which  might  be  considered  members  of  the  patho- 
genic group.  This  is  especially  necessary  when  sewage  is  dischai^ed 
in  the  vicinity  of  shellfish  beds  or  when  towns  and  cities  are  so 
intimately  related  that  the  standard  methods  of  water  purifica- 
tion can  not  sufficiently  protect  one  community  from  the  sewage  of 
another. 

(2)  Both  calcium  hypochlorite  and  copper  sulphate  have  high 
germicidal  values  when  acting  upon  partially  purified  sewage. 
Calcium  hypochlorite  is  much  more  rapid  in  its  action,  is  more 
nearly  able  to  bring  about  complete  disinfection  at  a  lower  cost,  and 
is  less  infiuenced  by  temperature  and  by  the  presence  of  carbonates. 
It  is  liable  to  deterioration  upon  standing  and  is  more,  disagreeable 
and  less  convenient  to  handle  than  copper  sulphate. 

(3)  The  quantity  of  chlorin  inamediately  absorbed  can  not  be  esti- 
mated from  the  determination  of  the  oxygen-consumed  factor  ot  the 
sewf^e  effluent. 

(4)  The  cost  per  annum  for  each  thousand  gallons  of  sewage  treated 
under  the  varying  conditions  experimented  with  is  estimated  as 
follows; 

St,  Mary's  of  the  Springs,  Ohio  (average  daily  (low  12,000  gallons), 
crude  sewage,  copper  sulphate,  $1R.55. 

Westerville,  Ohio  (average  daily  flow  41,000  gallons),  efiluent  from 
contact  filter,  copper  sulphate,  $11,77. 

Boys'  Industrial  School,  Ijancaster,  Ohio  (average  daily  flow  160,000 
gallons),  sand  filter  effluent,  copper  sulphate,  S6.d3;  chlorin,  $5.78. 

Marion,  Ohio  (average  daily  flow  600,000  gallons),  sand  filter 
effluent,  coppersulphate,  M.86;  chlorin,  S2. 43;  contact  filter  effluent, 
chlorin,   $2.73;    septic   tank  efiluent,   chlorin,   $8.83.     In  case   the 
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effluent  from  the  septic  tank  contains  much  suspended  matter  a 
heavier  application  of  chlorin  is  necessary. 

These  %ures  probably  approximate  the  coat  for  treatment  in  any 
city  whose  sewage  is  not  markedly  influenced  by  industrial  wastes. 
In  the  small  plants  here  discussed  depreciation  has  not  been  included 
in  the  cost  data;  it  is,  of  course,  a  factor  which  must  not  be  over- 
looked for  operating  costs  on  a  larger  scale. 
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U.  S,  Department  of  Aoiuci;lture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washin^n,  D.  C,  July  SS,  m>7. 

Sir;  I  liave  tlie  honor  to  transmit  herewith  a  manuscript  entitled 
"The  Tuna  as  Food  for  Man"  and  to  recommend  that  it  be  published 
as  Bulletin  No.  116  of  the  series  of  this  Bureau.  This  bulletin  was 
prepared  by  Dr.  David  Griffiths,  -Assistant  Agrostologist  in  Farm 
Management  Investigations,  Bureau  of  Plant  Industry,  and  Prof. 
R.  F,  Hare,  Chemist  of  the  New  Mexico  College  of  Agriculture  and 
Mechanic  Arts. 

This,  bulletin  represents  three  line^  of  investigation— a  study  of 
the  uses  of  the  tuna  (pronounced  too-nah),  a  study  of  the  cheirical 
composition  of  the  tuna,  and  a  study  of  the  tuna  products  as  ii:anu- 
factured  by  the  primitive  peoples  of  the  Republic  of  Mexico.  The 
authors  have  joined  these  three  lines  of  work  in  one  report. 

There  i-s  presented  in  the  paper  actual  economic  practices  which 
are  of  interest  not  only  to  jwrtions  of  the  I"nited  States  but  to  some 
of  its  insular  pos-sessions  as  well,  botanical  data  necessary  to  the 
recognition  of  different  .species  and  varieties,  and  a  large  amount 
of  chemical  information  of  unusual  interest.  The  botanical  notes 
have  been  abridged  as  much  as  is  consistent  with  a  clear  presentation. 
In  many  cases  they  have  been  omitted  almost  entirely;  in  all  such 
cases,  however,  they  will  be  found  more  fully  presented  in  Bulletin 
No.  60  of  the  Agricultural  Experiment  Station  of  New  Mexico. 

Interest  in  cacti  in  general,  from  both  a  food  and  a  forage  stand- 
point, has  been  greally  stimulated  by  popular  writers  during  the 
past  two  or  three  years,  and  such  investigations  as  are  here  recorded 
are  therefore  of  special  value  at  this  lime.  In  order  to  secure  a 
basis  for  futun-  investigations  in  the  development  of  forms  better 
adapted  to  our  use,  it  has  been  necessary  to  treat  the  subject  from 
the  broad  point  of  view  of  the  entire  continent  rather  than  of  the 
United  States  only.  A  few  valuable  tunas  are  now  grown  within 
our  borders,  while  the  Mexican  species  are  verj'  numerous.  Many 
of  the  latter  have  ver}'  desirable  characteristics  which  if  combined 
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with  species  now  grown  here  would  make  a  very  superior  fruit.  The 
data  presented  in  this  bulletin,  .while  intended  mainly  as  an  account 
of  the  tuna  as  it  exists  to-day  in  the  United  States  and  Mexico," 
furnish  a  foundation  for  future  investigations  in  the  developinent 
of  more  desirable  forins,  a  work  which  is  now  in  progress. 

Tuna  is  the  Spanish  name  for  the  fruit  of  the  prickly  pear  plant — 
that  section  of  the  botanical  genus  Opuntia  which  bears  flat-jointed 
stems.  A  discussion  of  the  fruit  of  one  Opuntia  with  cylindrical 
joints  is  also  included  in  the  bulletin  for  reasons  stated  in  the  text. 
Many  other  cactus  fruits  should  be  investigated.  Some  work  has 
already  been  done  upon  them  and  will  be  continued  as  time  permits. 
The  term  pitalla  (pronounced  pee-Uih-ya)  is  used  by  the  Mexicans 
for  a  very  large  and  heterogeneous  group  of  cactus  fruits  belonging 
to  such  botanical  genera  as  Cereus,  Echino<-ereus,  Ecliinoc«cttia, 
Pilocereus,  etc. 

Respectfullv,  B,  T.  Gai-lowav, 

CUefofl 

Hon.  James  Wilson, 

Secretary  nf  Agriculture. 
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INTItODTTCTION. 

The  prickly  i)ear  of  the  Auierican  and  the  Australian,  the  Indian 
fig  of  the  Englishman,  the  Barban*  fig  of  the  Frenchman,  the  tuna  of 
the  Spanish- American,  and  the  higos  chiimbos  uf  the  Spaniard  is  a 
fruit  concerning  which  there  are  more  varied  beliefs,  contradictory 
opinions,  and  grades  of  appreciation  than  any  other  known  to  lis. 
The  plant  and  its  fruit  are  subjected  to  botli  praise  and  abuse. 

While  the  Mexican  prays  that  tliere  may  be  no  rain  when  the  plants 
are  in  hloom,  in  order  that  the  fruit  may  set  well  and  produce  a  good 
crop  of  tunas,  the  legislative  assemblies  in  son.e  of  the  Australian 
colonies  pass  laws  looking  toward  their  eradication.  While  the  Aus- 
tralian govemmenis  spend  ii  uch  money  to  eradicate  the  "weed." 
some  ranchmen  find  that  it  can  be  fed  to  stock  with  profit.  While 
the  southern  Texan  was  imploring  the  GovemiiLent  in  the  early  nine- 
tipj}  to  conduct  investigations  looking  to  the  eradication  of  prickly 
pear,  shrewd  cattlemen  and  ingenious  machinists  were  devising 
means  wherebj'  it  could  be  divested  of  its  objectionable  character- 
istics at  small  expense  and  turned  to  profitable  use,  Wliile  the 
minister  of  agriculture  of  India  pronounced  against  its  use  in  unquali- 
fied terms,  it  was  found  that  it  could  be  profitably  used  in  both  beef 
production  and  dair\'ing  in  at  least  one  section  of  the  United  States. 
While  the  South  African  is  said  to  revile  its  presence,  the  poorest 
inhabitants  of  the  Island  of  Sicily  are  reported  to  subsist  largely  on  its 
fruit  for  three  or  four  n-onths  of  each  year.  Tlie  average  American 
traveling  in  Mexico  can  see  no  value  whatever  in  the  tremendous 
stretches  of  prickly  pear  upon  the  plateau,  but  the  native  peon  grows 
these  and  sidilar  cacti  in  his  orcliards  and  gives  them  fully  as  careful 
attention  as  any  plants  which  he  attempts  to  cultivate. 

Enthusiastic  magazine  writers  would  revolutionize  conditions  in 
arid  regions  by  the  establishment  of  plantations  of  prickly  pear 
without  spines,  thus  converting  the  mi>st  arid  deserts  into  populous, 
prosperous  communities.  Experience  teaches,  however,  that  the 
spineless  varieties  of  cultivation  are  not  hardy  under  natural  desert 
conditions,  that  all  of  the  valuable  sirineless  species  which  produce 
either. fruit   or  forage  in  eccmomic   ijuantities  require   considerable 
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precipitation  at  some  time  during  the  year,  and  that  economic 
species  are  not  known  wliich  tlirive  under  a  minimum  temperature 
of  less  than  10°  F.  One  exception  to  this  may  be  noted  in  the  case 
<rf  Opunim  arborfscens  of  Colorado;  but  the  quantity  of  stock  f^ed 
produced  by  this  species  is  comparatively  small  and  its  <liatribution 
limited. 

Conservative  judgment  based  upon  observation  an<l  experiment, 
on  the  other  hand,  would  pnmounce  many  species  of  prickly  pear 
to  be  decidedly  susceptible  to  cultivation  and  highly  productive  of 
both  fruit  and  forage  under  proper  conditions  of  temperature  and 
moisture.  It  is  also  true  that  tliere  are  species  which  thrive  under 
moderate  extremes  of  heat;  that,  as  a  rule,  thej-  are  adapted  to  c<m- 
ditions  of  periodical  rainfall  and  thrive  where  the  distribution  of 
moisture  is  too  irregular  and  uncertain  for  commonly  cultivated 
crops;  that  the  spines  and  spicules  have  been  practically  eliminated 
from  the  plant  body  in  valuable  species  but  not  from  the  fruit;  that 
all  of  the  so-called  spineless  forms  concerning  which  there  is  definite 
knowledge  are  less  hardy,  especially  under  conditions  of  drought, 
than  spiny  native  fonns;  that  it  is  quite  probable  that  by  persistent 
breeding  and  selection  the  spines  and  spicules  may  be  more  com- 
pletely removed  and  the  plants  bred  to  withstand  a  greater  degree 
of  cold;  that  the  plants  can  be  fed  with  concentrated  foods  with 
profit;  that  the  fruit  is  now,  in  its  spiny  condition,  an  important 
and  highly  prized  constituent  of  the  diet  of  the  poorer  classes,  espe- 
cially of  Mexico  and  Sicily;  that  very  desirable  food  products  are 
preparcil  from  the  fniits,  aiid  that  the  group  is  of  sufficient  economic 
promise  to  merit  thorough  investigation. 

THX  COHUON  NAICBS  OF  TtTNAS. 

Tlie  conunon  names,  which  are  used  in  this  bulletin  have  been 
selected  with  the  utmost  care.  They  are  based  upon  a  careful 
investigation  of  all  of  the  important  prickly  pear  regions  of  the 
United  States  and  Mexico.  Unless  otherwise  indicated,  it  is  believed 
that  they  are  accurate.  In  each  instance,  unless  the  name  i.s  ques- 
tioned in  the  text,  it  has  been  verified  many  times.  The  orthog- 
raphy of  the  common  names  has,  in  nearly  every  case,  been  verified 
by  educated  Mexican  gentlemen  and  accords  with  the  ideas  of  the 
writers  concerning  derivation.  Seflor  Enrique  L.  Guerra  has  cor- 
rected the  list  of  poi)ular  names  and  has  nia<le  important  suggestions 
and  contributed  nuich  valuable  information  upon  all  phases  of  the 
subject. 

The  popular  names  are  as  a  rule  (]uite  the  same  in  any  one  locality, 
but  there  may  Iw  great  variatiim  between  the  names  of  species  in 
different  localities.     Some  well-marked  species,  however,  have  appar- 
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eotly  the  same  name  wherever  found.  The  iiae  of  the  name«  car- 
<lon,  tapon,  camueso,  and  amarillo  is,  so  far  as  the  experience  of  the 
writers  goes,  universal;  but  these  are  very  characteristic  species 
which  even  the  least  observant  can  not  well  mistake.  It  is  entirely 
different  with  the  yellow  or  green  fruite<l  forms  (including  the  tame 
or  cultivated  onesi.  These  have  a  multitude  of  names.  Some  of 
them  may  and  probably  do  represent  good  specilic  distinctions.  On 
this  point  it  is  impossible  to  speak  with  certainty,  for  the  writers' 
experience  witli  the  different  forms  has  not  been  sufficiently  exten- 
sive. Some  of  the  plants  are  spiny,  others  almost  perfe<^tly  spincle^is, 
and  even  in  some  cases  apparently  without  spicules  on  either  fruit 
or  joint.  In  general  aspect  they  are  all  very  much  alik<',  and  the 
names  applied  to  the  different  forms  do  not  appear  to  l>e  at  all 
uniform.  Some  of  the  names  used  for  the  greenish -white-fruited 
forms,  for  example,  are  as  follows:  Nopal  bianco,  nopal  teco,  nopal 
paloalteno,  nopal  fafajiico,  nopal  Mexicano,  nopal  Americano,  and 
nopal  Castillo  bianco,  while  nopal  liso  is  commonly  used,  though 
the  latter  name  is  applied  to  any  thomless  form.  They  all  appe-ar 
to  be  closely  related  to  one  form  of  our  southwestern  "'ir.iKsion 
pear,"  although  in  this  country  this  is  nearly  always  a  thorny  form, 
while  -the  greenish-yellow-fruited  forms  of  Mexico  may  exhibit  any 
d^ree  of  spininess. 

It  must  be  understood  that  any  list  of  conunon  names  <)f  Mexican 
tunas  can  be  of  only  tentative  value,  for  there  may  be  oven  less  uni- 
formity in  popular  names  in  Mexico  than  in  this  country.  In  any 
one  locality,  however,  the  name  used  for  a  species  or  variety  is 
reasonably  constant.  The  commercial  spirit  has  had  no  influence  iii 
changing  names. 

As  with  many  other  natural  and  agricultural  subjcctK,  it  is  the 
native  peon  who  is  the  court  of  final  resort  to  deciile  upon  tlie  names 
of  plants.  The  rancher  when  asked  regarding  such  matters  will 
almost  invariably  put  the  question  to  one  of  his  more  intelligent 
servants.  The  names  used  in  this  bulletin  have  been  obtained 
mainly  from  the  peons  an<l  have  sub8e<|uently  been  verified  and 
corroborated  by  educated  an<I  intelligent  ranchers. 

THE  CULTIVATION  OF  THE  NOPAL. 

There  are  in  Mexici>  many  varieties  of  i)rickly  pear  which  are  found 
only  in  cultivation.  This  is  especially  true  of  the  spineless  forms  in 
general.  Others  ore  native  and  may  or  may  not  be  cultivated.  Of 
the  first  group  the  peon  may  speak  collectively  as  mansas,  or  tame 
forms,  but  he  has  nsmes  for  all  of  the  varieties  which  are  grown  in 
his  orchards  as  well  as  for  the  wild  ones  of  the  mountains.  To  ssy 
that  any  of  the  forms  are  cultivated  as  we  think  of  cultivation  in 
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this  country,  however,  is  a  gross  error.  They  are  rarely  cultivated 
at  all.  Cuttings  are  put  into  the  ground  and  surrounded  by  a  tence 
to  protect  them  from  animal  depredations.  Aside  from  this  they 
get  little  or  no  attention. 

A  plantation  is  always  started  from  cuttings;  consequently  it  is 
an  easy  matter  to  maintain  uniformity  in  the  plants.  Inasmuch  a-s 
it  is  always  an  object  to  get  tunas  as  soon  as  possible,  the  stock- 
feed  feature  of  the  crop  being  always  a  secondary  consideration, 
cuttings  of  three  joints  are  planted  when  possible.  (See  PI.  V,  fig.  2.) 
A  cutting  consisting  of  two  and  a  half  joints  is  common.  When 
planted  in  this  way  it  is  said  that  a  crop  of  tunas  is  produced  the 
third  year,  while  it  takes  five  years  tp  get  a  crop  from  one-joint 
cuttings. 

Plantations  are  not  confined  to  the  mansas.  On  the  contrary, 
the  wild  forms  will  often  be  found  in  the  orchards  under  protection 
and  are  even  planted  without  protection  in  the  hills.  Such  forms 
as  the  cardon  are  admirably  adapted  for  tliis  purpose,  for  no  animal 
can  molest  them  much.  The  thickets  of  this  species  east  of  San  Luis 
Potosi  have  been  greatly  extended  by  planting  cuttings  in  unoccu- 
pied areas.  Several  acres  were  planted  there  last  year.  How  much 
of  this  has  been  done  ui  the  past  it  is  difficult  to  say,  for  it  is  not 
always  easy  to  tell  the  difference  between  areas  which  have  been 
planted  and  those  wliich  are  wild.  Quite  likely  many  of  the  thickets 
found  in  the  hills  have  been,  in  a  measure,  established  through  the 
influence  of  man,  some  of  thein  unwittingly,  for  the  method  of  col- 
lecting the  fruit  scatters  joints  about,  many  of  which  strike  root 
and  grow.  Some  of  the  thickets  in  the  vicinity  of  Alonzo,  Mexico, 
are  beint;  slowly  extended  by  this  method  of  collecting  the  fruit. 

THE  TUNA  UARKBT8. 

A  very  distinctive  feature  of  the  markets  of  the  different  cities  of 
the  liighland  region  of  Mexico  is  the  space  or  booths  assigned  to  the 
sale  of  tunas.  The  business  is  generally  carried  on  by  the  poorer 
people  in  the  most  simple  and  primitive  way.  Not  that  the  poor 
are  tlie  only  ones  who  eat  tunas,  but  they  are  eaten  more  extensively 
by  the  poorer  class  than  by  any  other. 

During  the  greater  part  of  tlie  season  purchasers  come  to  these 
bootlis — distinguished  by  the  size  of  the  individual  awnings  or  by 
the  length  and  number  of  the  benches  and  stools — where  they  may 
purchase  one  or  more  varieties  of  fresh  tunas  at  a  very  low  price. 
The  purchaser  is  supplied  with  a  stool,  upon  which  he  can  sit,  and  a 
knife  with  which  to  peel  the  tunas.  During  the  height  of  the  season 
when  the  fruit  is  cheapest,  women  appear  on  the  markets  each  morn- 
ing with  huge  baskets  of  peeled  fruits,  which  they  lay  out  in  earthen 
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saucers,  each  contumng  a  (juantity  which  is  disposed  of  for  1  cent. 
Each  purchaser  is  furnished  with  a  tip  of  a  maguey  leaf  or  a  thorn  of 
the  inesquite  with  which  to  eat  the  pulp,  and  in  a  few  instances 
modern  wooden  toothpicks  are  served  with  them. 

By  far  the  gje&teT  quantify  of  fniit  is  sold  unpeeled.  This  is 
especially  true  during  the  season  when  fniits  are  not  abundant,  for 
less  waste  results  then  thaa  when  the  tunas  are  peeled.  Some- 
times the  purchaser  peels  the  fruit  himself  and  at  other  times  he  eata 
it  as  the  vendor  or  his  attendant  peels  it  for  him. 

The  process  of  peeling  on  the  market  is  practically  the  same  as 
described  later,  the  knife  being  run  across  the  top  and  down  one 
side  to  the  base,  when  the  pulp  may  be  picked  out  easily.  When 
fuliy  ripe  much  of  the  rind  of  some  species  is  consumed  with  the 
pulp.  The  tuna  is  taken  between  the  thumb  and  forefinger  of  the 
left  hand  and  the  rind  cut  off  with  a  sort  of  whittling  motion  of  the 
knife,  each  stroke  taking  off  the  epidermis  and  a  portion  of  the  rind, 
but  not  more  than  one-half  of  the  rind  is  ever  eaten.  In  peeling  the 
lai^r  mansas  (cultivated  forms),  both  ends  are  usually  cut  oft  and 
an  incision  made  through  the  rind  lengthwise  between  these  two 
cut  surfaces,  when  the  remainder  of  the  outside  is  removed  by  push- 
ing it  back  with  thumb  and  forefinger  of  each  hand. 

To  remove  the  spicules  so  that  the  fruit  can  he  more  easily  handled 
the  vendors  employ  several  simple  devices.  Sometimes  the  tunas 
are  roUed  around  upon  the  sand  with  the  aid  of  a  bundle  of  small  twigs 
or  a  bunch  of  weeds.  At  other  times  they  are  actually  brushed 
with  a  wisp  of  grass  or  a  brush  made  of  maguey  fibers.  Often  they 
are  stirred  in  a  pail  of  water.  Any  of  these  processes  will  remove 
the  spicules  fairly  well  if  the  fruit  is  thorouglily  ripe.  It  should  be 
remembered  that  there  are  no  prickly  pears  without  spicules.  Even 
the  so-called  thomless  ones  which  have  been  developed  in  the  Medi- 
terranean region,  and  eight  or  ten  of  which  have  been  apparently 
produced  in  Mexico,  have  some  spicules  upon  the  fruit,  although  the 
spines  have  been  quite  effectually  bred  oft  the  body  of  the  plant. 
Also,  in  nearly  all  cases  there  are  produced  upon  the  fruits  hairlike, 
fugacious  spines,  most  of  which  drop  off  or  are  easily  removed  when 
the  fruit  is  ripe.  The  spicules  are  the  most  serious  obstacle  to  the 
use  of  this  fniit. 

As  previously  stated,  it  is  the  pulp  which  is  usually  eaten ;  less  often 
some  rind  is  also  consumed  with  it.  It  is  well  known  that  the  pulp 
itself  is  very  seedy,  and  on  this  account  the  fruit  is  verj-  objectionable 
to  the  average  American ;  the  Mexican,  however,  swallows  seeds  and  all 
with  apparent  indifference.  The  species  of  which  both  the  pulp  and 
rind  are  eaten  are  mainly  cardonas  late  in  the  season,  and  durasnillas. 
In  the  latter  fruit  the  pulp  is  not  easily  separated  from  the  rind,  but 
in  the  former  the  rind  is  removed  without  difficulty,  lOOylc 
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The  price  of  tunas  upon  the  market  varies  greatly  with  the  season. 
During  the  past  year  the  cheapest  were  found  at  San  Luis  Fotosd, 
where  15  to  20  cardonas  were  sold  for  a  cent"  and  the  large  mansas 
as  low  as  six  for  a  cent.  In  Guadalajara,  where  tunas  are  rare,  three 
to  five  cardonas  were  commonly  sold  for  a  cent  and  one  amarilla, 
naranchada,  or  other  mansa  for  the  same  price.  During  the  montli 
of  August  cardonas  were  selling  wholesale  at  San  Luis  Potosi  for 
about  45  to  -50  cents  a  crate  of  a  thousand  tunas :  at  the  same  time 
they  were  sold  upon  the  market  at  the  rate  of  14  for  a  cent.  It  is  said 
that  one  man  can  pick  about  three  crates  a  day. 

An  attempt  was  made  to  determine  how  much  of  this  fruit  is  eaten 
by  the  average  peon  in  a  day,  but  with  no  satisfactory  results.  The 
writers  have  repeatedly  seen  men  eat  from  25  to  50  tunas  without 
stopping,  and  peons  affirm  that  they  eat  an  average  of  about  100  a  day. 
It  is  believed,  however,  that  where  the  diet  is  made  up  largely  of  tunas, 
and  they  are  conveniently  at  hand,  upward  of  200  a  day  are  consumed 
by  one  individual.  Intelligent  and  conservative  ranchmen  estimate 
that  a  man  will  easily  consume  many  more  than  200  cardona  peara 
per  day  when  in  the  hills  w^here  practically  no  other  food  is  available. 
This  fruit  represents  very  often  in  the  lai^ost  measure  both  food  and 
drink,  but  it  seems  like  a  verj'  heavi^  ration  when  one  considers  that 
the  seeds  as  well  as  the  pulp  are  swallowed.  It  has  been  the  experi- 
ence of  the  writers  that  one  not  accustomed  to  the  fruit  can  eat  60  to 
80  tuna  cardonas  a  day  if  the  seed  is  not  swallowed,  and  they  have 
eaten  as  many  as  this  occasionally  in  about  two  hours'  time. 

It  must  be  remembered  that  the  pulp  of  40  to  50  tunas  (cardonas) 
forms  quite  a  bulky  meal;  the  seeds  are,  of  course,  not  digested.  It 
is  claimed  that  only  a  few  of  the  species  can  be  eaten  in  lai^  quanti- 
ties without  danger.  There  is  said  to  be  no  danger  from  eating  any 
number  of  cardonas  imless  it  be  immediately  after  a  heavy  meal  con- 
aisring  largely  of  meat.  On  the  contrary,  it  is  claimed  that  the 
mansas  must  be  partaken  of  sparingly  on  accoimt  of  their  interference 
with  digestion  when  eaten  too  freely.  Peons  are  ven,'  careful  in 
eating  taponas  because  they  believe  that  these  fruits  produce  intense 
constipation.  They  claim  that  death  has  resulted  in  some  caaes  from 
eating  too  much  of  this  fruit, 

Tlie  excreta,  both  solid  and  liquid,  are  decidedly  colored  when  the 
red  tunas,  especially  taponas,  are  eaten.  So  far  as  the  writers  have 
been  able  to  learn,  however,  the  tuna  cardona  is  the  universal  favorite 
and  apparently  its  use  as  food  results  in  no  injury  whatever,  even 

"Unlew  distinctly  spopified  to  the  conlrary,  the  pricps  quoted  are  in  MexicAi 
curri'iicy.  Equivalents  tor  the  United  Slatoi  can  be  dclprminiil  approximately  by 
dividing  by  twn.  A  Mexican  dollar  wjuals  SO  renl.i  of  the  ourrency  irf  ihic  country, 
while  a  cent  in  Mexican  money  U  worth  only  Iialf  a  cent  in  ihe  money  uf  the  Uniliid 
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when  partaken  of  ven-  f  i-eely.     Tlie  explanation  offered  by  tlie  natives 
as  to  the  injurious  effects  of  the  mansas  is  that  tliej'  are  too  rich. 

Where  there  are  so  many  tunas  consumed  there  is,  of  course,  a 
lai^e  quantity  of  rind  available  for  stock  food,  while  in  the  manu- 
facture of  queso  and  other  products  the  quantity  of  seed  taken  out 
is  (|uite  large.  Upon  one  ranch  viaited  the  hy-products  were  fed  to 
h<^.  Upon  the  markets  at  San  I^tiis  Potosi  during  the  month  of 
August  the  rinds  were  selling  at  the  rate  of  10  to  12  cents  a  basket 
of  about  50  pounds  and  were  consumed  largely  by  dair>-  cattle.  They 
were  also  fe<l  ti>  burros  and  swine. 

aXNXKAX  DESCRIPTION  OF  THE  FBTTITS. 

The  fruits  of  the  prickly  pear  vary  in  size,  shape,  and  color,  depend- 
ing uj>on  the  species  and  the  conditions  under  which  they  are  grown. 
They  are  from  1  to  3  inches  in  diameter  and  are  usually  pear-shaped 
or  fig-shaped,  but  in  some  species  they  are  nearly  spherical.  They 
weigh  from  an  ounce  to  a  half-pound  or  more  and  vari-  when  ripe 
from  a  yellowish  green  to  a  dark  purple. 

All  varieties  have  minute  spicules  arranged  in  bunches  over  their 
surface,  there  being  about  one  bunch  to  every  square  inch  of  surface 
in  the  best  varieties,  but  in  most  species  they  are  more  numerous 
than  this.  The  fruits  of  nearly  all  of  the  species  have  large  spines 
also,  which  are  similar  to  those  oh  the  plant  body,  but  are  much  more 
delicate  and  usually  drop  off  before  the  fruits  are  thoroughly  ripe. 
A  cross  section  of  the  fruit  shows  it  to  be  covered  with  a  thin  skin,  or 
epidermis,  underneath  which  there  is  a  rind  varying  in  thickness 
from  one-eighth  to  one-half  of  an  inch.  This  includes  the  pulp,  or 
edible  portion,  in  which  there  are  found  embedded  from  100  to  200 
or  more  seeds.     In  some  fruits  as  many  as  400  have  been  counted. 

THE    EPinERMlS. 

The  epidermis  is  the  thin  outer  skin,  and,  whether  the  fruits  are 
eaten  raw  or  in  conserved  products,  it  is  necessary  that  this  be 
removed  because  of  the  tiny  spines  occurring  in  bunches  over  its 
tough,  leather^'  surface.  When  the  fruits  are  peeled,  a  part  of  the 
rind  is  removed  along  with  the  epidermic. 


Tlie  fruit  itself  is  found  enveloped  in  what  is  morphologically  a 
portion  of  the  stem,  but  which  we  hav«  called  rind.  It  partakes  of 
the  nature  of  both  fruit  and  stem,  usually  assuming  the  color  of  the 
fruit  and  somewhat  approaching  it  in  composition.  In  some  varie- 
ties it  contains  sufficient  sugar  to  make  it  edible,  but  it  usually 
retains  so  much  plant  mucilage,  always  present  in  the  stems,  that  it 
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is  not  as  palatable  as  it  would  otherwise  be.  Except  in  the  forma- 
tion of  some  sugar  as  the  rind  ripens  and  the  change  in  coloring 
matter,  the  rind  retains  the  general  cell  structure  and  appearance  of 
the  stems. 

The  rind  is  usually  easily  separated  from  the  pulp.  It  constitutes 
from  25  to  75  per  cent  of  the  fruit,  and  when  this  is  not  eaten  there  is, 
of  course,  a  very  large  percentage  of  waste.  Conse(|uentIy,  the  fniit 
which  has  tlie  thinnest  rind  is  the  must  desirable. 

In  a  number  of  species  where  the  waste  was  large  and  the  rind  was 
at  all  palatable,  a  separate  analysis  was  made  of  the  rind  to  detennine 
its  nutritive  value  compared  with  the  pulp.  The  results  are  given  in 
Table  I.  By  comparing  the  results  given  in  this  table  with  the 
analyses  of  the  pulp  in  Table  II  it  will  be  se«n  that  the  percentage  of 
both  the  total  and  soluble  solids  of  the  pulp  is  greater  than  that  of  the 
rind.  'In  fact,  about  50  per  cent  of  the  solids  of  the  rind  are  in  an 
insoluble  form,  whereas  in  the  pulp  the  solids  are  almost  completely 
soluble.  In  the  rind  the  acid  is  always  comparatively  high,  as  is  also 
the  alcohol  precipitate,  both  of  wliieli  make  the  fruits  unpalatable. 
The  spet'ific  gravity  of  the  juice  of  the  rind  is  always  less  than  that  of 
the  pulp,  and  the  sugar  content  is  also  much  smaller.  The  results 
of  our  analyses  show  that  the  rind  at  times  <-ontains  some  sucri>se, 
which  seems  more  often  to  be  lacking  in  the  pulp. 
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THE   PULP. 


The  pulp  is  the  portion  of  the  fruit  that  is  eaten  in  all  varieties.  In 
some  species  it  is  insipid,  but  in  many  it  has  an  excellent  flavor.  We 
believe  that  Americans  will  acquire  a  liking  for  this  fruit  more  readily 
than  they  do  for  tropical  and  subtropical  fruits  in  general.  The 
amount  of  pulp  in  the  different  varieties  varies  from  30  to  65  per  cent, 
and  as  a  rule  those  with  a  lai^  percentage  of  pulp  have  the  beat  flavor. 

The  structure  of  the  pulp  is  rather  peculiar  for  a  fruit.  The  walls  of 
the  cells  are  very  thin,  and  there  is  consequently  very  little  fibrous 
substance  in  its  make-up,  and,  indeed,  but  little  insoluble  sohds  in  the 
majority  of  the  species.  By  pressing  the  pulp  in  muslin  bags  practi- 
cally the  entire  quantity  can  be  forced  through  the  meshes  of  the  cloth. 
This  was  found  to  be  the  most  satisfactory  method  of  separating  the 
seed  from  the  pulp,  and  was  adopted  in  our  analytical  work.  The 
small  amount  of  fibrous  tissue  is  shown  by  the  quantity  of  insoluble 
solids,  which  averages  less  than  1  per  cent  for  all  the  samples. 

There  is  great  variation  in  the  composition  of  the  pulp  of  different 
species  and  even  of  the  same  species  at  different  seasons  or  degrees  of 
ripeness.  The  amount  and  character  of  the  edible  matter  varj'  a 
great  deal  in  the  different  samples,  as  will  be  seen  when  the  various 
constituents  of  the  edible  portion  are  discussed.  Several  varieties 
have  been  worked  in  duplicate,  and  by  referring  to  the  tables  it  will  be 
seen  that  frequently  the  two  analyses  are  very  different.  This  may  be 
accoimted  for  in  several  ways.  In  the  first  place,  the  fruit  may  be 
eaten  at  varying  degrees  of  ripeness.  The  pulp  of  the  tuna  tapona, 
for  instance,  is  palatable  at  least  two  weeks  before  the  outside  of  the 
fruit  turns  red  and  is  commonly  eaten  from  the  time  the  pulp  turns  red 
until  the  outsiile  is  a  deep  purplish  color.  The  time  which  it  takes  for 
tliese  changes  to  occur  in  the  fruit  is  not  less  than  a  month.  Browne" 
has  found  that  apples,  and  Bigclow''  that  peaches,  vary  a  great  deal 
in  composition  at  their  different  periods  of  growth,  and  in  all  proba- 
bility the  same  would  be  found  true  of  fruits  of  the  cacti.  The  season, 
climatic  conditions,  and  soil  fertility  no  doubt  affect  the  composition 
of  this  fruit  as  they  do  all  others. 

THE    SEED. 

The  seeds  (see  PI.  VI)  are  distributed  throughout  the  mass  of  the 
pulp.  They  are  somewhat  disk  shaped,  and  are  from  one-eighth  to 
three-sixteenths  of  an  inch  in  diameter.  The  seed  coats  are  very 
hard  and  are  never  masticated  or  digested  when  the  fruit  is  eaten. 
Each  fruit  contains  a  large  number  of  seeds,  varj'ing  somewhat  with 
the  different  varieties.     Some  of  the  samples  analyzed  had  no  more 
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than  75  seeds,  while  others  coDtained  as  many  as  400.  The  average 
weight  for  the  wild  forms  from  Texas  was  7.54  ptT  cent  of  the  whole 
fruits,  while  in  one  sample  of  a  cultivated  Mexican  variety  there  was 
only  1.52  per  cent  of  seeds.  The  larger  cultivated  fruits  always  have 
proportionally  fewer  seeds,  and  it  may  be  that  in  time  cultivation 
and  selection  will  still  further  reduce  the  number. 

THE    REFTJBE. 

The  waste  in  eating  the  cactus  fruit  consists  of  the  seeds  and  such 
part  of  the  rind' as  is  rejected— when  the  rind  is  eaten,  the  waste  ia  the 
seed  with  only  that  part  of  the  rind  which  is  lost  in  peeling  the  fruit. 
Since  such  a  large  percentage  is  rind,  the  waste  Is  very  large  when  this 
is  rejected.  In  one  variety,  tuna  chavefla  (No.  8136),  it  amounted 
to  78,17  per  cent.  The  fruit  having  the  smallest  amount  of  waste  of 
all  the  prickly  pears  was  No.  8142,  tuna  naranjada — only  37.43  per 
cent.  The  average  for  the  Mexican  samples  was  56.18  per  cent.  The 
samples  received  from  San  Antonio,  Tex,,  Opuntia  lindhdmeri,  aver- 
aged 71.56  per  cent  of  refuse. 

The  watermelon  has  59.4  per  cent  waste;  the  muskmelon,  50  per 
cent;  bananas,  35  per  cent;  oranges,  27  per  cent;  apples,  25  per  cent, 
and  pears,  10  per  cent."  Thus  it  will  be  seen  that  the  tunas,  when 
the  rind  ia  rejected,  have  about  the  same  proportion  of  refuse  as  the 
melon,  and  when  the  rind  is  eaten  about  the  same  &s  other  fruits. 

HAUVBSnNa  THB  TUNA. 

The  method  of  harvesting  the  tuna  is  influenced  both  by  the  variety 
gathered  and  the  purposes  for  which  the  crop  is  to  be  used. 

HARVESTING    FOB    IMMEDIATE    CONSUMPTION. 

It  is  common  for  the  peon  to  get  a  lai^e  portion  of  his  living  during 
the  tuna  season  from  the  plants  as  they  stand  in  the  field.  (PI.  II, 
fig.  1.)  A  large  part  of  the  crop  is  therefore  consumed  directly  from 
the  plants.  The  object  of  the  picker  in  such  cases  is  to  get  the  edible 
pulp  separated  from  the  remainder  of  the  fruit  with  as  little  difficulty 
as  possible.  A  sharp  knife  is  used  to  make  an  incision  across  the  top 
of  the  fruit  and  curving  down  on  one  side  to,  or  nearly  to,  the  attach- 
ment. Then  the  thumb  and  forefinger  of  the  left  hand  are  forced 
down  between  the  rind  and  the  pulp,  loosening  the  latter  and  forcing 
it  upward,  when  it  is  caught  between  the  thumb  and  the  index  and 
middle  fingers  and  removed  without  coming  in  contact  with  the  small 
spines  at  all.  The  incision  is  made  only  to  such  a  depth  as  will  expose 
the  pulp,  and  none  of  the  rind  is  removed  from  the  trees.     Of  course 
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thia  method  applies  only  to  such  fruits  as  are  in  reach  of  the  picker 
and  ia  practiced  by  those  who  eat  as  they  gather  in  the  field.  The 
method  of  securing  the  tunas  growing  beyond  reach  of  a  man  stand- 
ing upon  the  ground  is  described  later. 

OATHEBtNO   CtJLTIVATED   FOBU5. 

As  stated  elsewhere,  the  msnsas  or  tame  forms  are  not  disfigured 
by  cutting  the  joints  as  are  the  wiJd  ones.  The  vast  majority  of  the 
cultivated  tunas  ia  produced  beyond  the  reach  of  s  man  on  the 
ground,  and  these  are  collected  with  a  long  pole  (usually  bamboo). 
The  end  of  this  pole  is  divided  into  three  or  four  equal  segments, 
which  are  held  apart  by  a  wooden  plug  secured  firmly  in  place  by 
thongs  of  rawhide  or  maguey  (Agave)  fiber.  This  makes  a  conical 
receptacle  in  the  end  of  the  pole  which  is  thrust  around  the  tuna,  the 
latter  being  removed  by  twisting  the  pole.  In  this  process  of  gath- 
ering, the  fruit  ia  more  or  leas  injured  either  by  the  end  of  the  stick 
itself  or  by  .the  wrenching  process  used  in  loosening  it  from  the  tree. 
Sometimes  the  fibers  entering  the  tuna  from  the  joint  are  twisted  off, 
leaving  a  lacerated  hole  in  the  end  of  the  fruit.  At  other  times  the 
base  of  the  tuna  itself  is  twisted  off.  It  is  evident  that  fruit  injured 
in  this  way  will  not  keep  long.  A  large  part  of  the  fruit  of  the 
cultivated  forms  upon  the  markets,  liowever,  is  gathered  in  this  way. 

OATHEHINO    WILD    FORMS. 

Whenever  the  preservation  of  the  plants  is  not  an  important  con- 
sideration, the  Mexican  gathers  the  tunas  which  are  beyond  his 
reach  with  a  gancho  (hook),  made  by  fastening  a  strong  knife  blade 
at  right  angles  to  a  long  pole.  (See  PI.  II,  fig.  2.)  With  this  he  cuts 
the  joint  nearly  off,  thrusts  the  point  of  the  gancho  into  the  severed 
portion,  and  lowers  it  to  the  ground.  Commonly  but  very  little 
attention  is  paid  to  the  quantity  cut  from  a  plant,  the  place  of  the 
incision  depending  upon  the  number  and  distribution  of  the  tunas. 
Often  two  or  three  joints  are  taken  off  together,  but  more  commonly 
only  that  portion  of  the  one  containing  tunas  is  removed. 

After  the  joints  have  been  lowered  to  the  ground  in  this  way  the 
pulp  is  removed  as  previously  described,  the  operator  either  standing 
in  a  benl-over  position,  with  one  foot  upon  the  segment  of  the  joint, 
or  kneeling  upon  one  knee.     (PI.  II,  fig.  2.) 

GATHERING    FOR   THE    MARKET. 

When  tunas  are  desired  for  the  market,  for  shipment,  or  for  storage 
ID  a  fresh  condition,  more  care  is  exercised  in  picking  them.  Instead 
of  tearing  or  tiristing  them  from  the  joints,  they  are  carefully  cut  off 
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with  a  sharp  knife.  The  fruit  is  taken  between  the  thumb  and  the 
forefinger  and  middle  Hnger  of  the  left  hand  and  pushed  to  one  side 
slightly,  when  with  the  point  of  a  knife  its  connection  with  the  stem 
is  severed.  The  difficulty  of  this  operation  may  not  be  apparent  to 
the  reader  unfamiliar  with  the  small  spines  with  which  the  fruits  are 
protected.  The  handling  must  be  very  carefully  done.  The  native 
becomes  so  adept  that  he  grasps  the  fruit  between  the  cushions  of 
spines  with  httle  likelihood  of  being  injured.  Owing  to  the  fact  that 
there  is  no  appreciable  fruit  stem,  as  there  is  in  the  apple,  peach,  and 
pear,  it  is  difficult  to  remove  the  fruits  from  the  trees  without  injuring 
them.  Italian  shipments  upon  the  markets  of  this  country  usually 
have  a  small  portion  of  the  joint  attached  to  the  fruit.  It  is  usually 
less  difficult  to  collect  tunas  in  this  way;  but  the  small  piece  of  joint 
probably  gives  no  advantage  over  a  perfect  fruit  removed  without  it. 
The  difficulty  in  picking  without  injury  varies  with  different  varieties 
and  in  the  same  variety  under  different  conditions  of  development. 
A.  plump  fruit  ia  much  more  difficult  to  remove  without  injury  than 
one  which  is  shriveled,  as  will  be  readily  apparent.  Such  forms  as 
the  amarilla,  naranchada,  camUesa,  etc.,  which  are  shaped  some- 
what like  the  common  pear,  are  more  easily  picked  than  the  more 
nearly  globular  forms,  such  as  cardona,  chaveila,  etc. 

EFPECTB   OF  CUTTINO  OFF  THE  JOINTS   IN   HARVESTING. 

Personal  observations  of  the  thickets  and  the  opinions  expressed  by 
the  more  intelligent  people  lead  us  to  believe  that,  on  the  whole, 
cutting  off  the  joints  results  in  injury  to  the  succeeding  crop  of  tunas. 
Fruits  are  produced  upon  the  last  year's  growth,  and  if  this  be  very 
severely  pruned,  as  is  often  the  case  when  a  large  crop  is  harvested 
with  the  gancho,  the  growth  the  following  season  consists  very 
largely  of  vegetative  joints  and  not  fruits;  but  the  second  year  after 
a  severe  pruning  a  large  crop  of  fruit  is  likely  to  be  produced.  In 
fact,  the  pruning  is  not  wholly  a  bad  practice,  for  the  joints  strewn 
over  the  ground  often  give  rise  to  new  plants,  thereby  extending  the 
thickets. 

THE   KEEPING   aiTAI.inE8   OF   TUNAS. 

Contrary  to  popular  opinion,  some  tunas  can  be  preserved  in  the 
fresh  condition,  if  properly  handled,  about  as  long  as  the  common 
fruits  of  the  temperate  zone.  It  is  not  at  all  uncommon  to  find  the 
Itahan  forms  upon  the  markets  of  the  chief  cities  of  this  country  in 
the  autumn  and  early  winter.  These  withstand  transportation, 
besides  two  or  three  months  in  storage  on  this  side  of  the  ocean.  The 
writers  have  had  samples  of  yellow  tunas  of  ItaUan  origin  obtained 
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upon  the  markets  in  Washintgon  city  remain  In  good  condition  in 
their  possession  for  two  months  while  subjected  to  the  iir^^ular 
temperatures  of  an  ordinary  hving  room. 

Like  all  other  fruits,  different  forms  have  different  keeping  quali- 
ties, and  freshness  is  nf  longer  duration  when  the  picking  is  done 
before  maturity  than  when  dead  ripe.  Cardonos  will  remain  good 
for  twelve  to  fifteen  days  upon  the  open  markets  of  Mexico  after 
being  picked  and  carried  on  burros  a  distance  of  10  to  20  miles. 
The  mansa  forms  keep  longer  if  cut  instead  of  being  twisted  or 
pulled  off.  The  best  keepers  are  without  doubt  some  of  the  forms 
of  joconoxtle  and  chavefla.  The  latter  is  the  one  commonly  kept 
over  winter  in  the  region  of  Aguascalientes.  The  packing  of  this 
species  is  a  regular  business,  and  it  may  be  found  upon  the  markets 
as  late  as  the  1st  of  May.  It  is  one  of  the  latest  tunas  to  mature  in 
the  fall  and  has  a  comparatively  thick,  firm  rind,  well  adapted  for 
storage.  On  the  whole,  it  may  be  said  that  tunas  are  easily  injured, 
and  consequently  much  care  is  necessary  in  handling  them  when 
they  are  intended  for  packing.  They  must  also  be  well  aerated  in 
storage,  which  is  true  of  all  fruits. 

At  the  present  time  there  is  quite  an  extensive  shipment  of  tunas 
by  rail  from  place  to  place  in  Mexico.  The  writers  happened  to  be 
in  Torreon  on  a  Sunday  during  September,  1906,  when  a  carload  was 
brought  from  near  Aguascalientes.  It  contained  cardonas  mostly,  but 
also  some  fafayucas,  amarillas,  naranchadas,  and  durssnillos.  They 
were  shipped  loose  in  an  ordinary  box  car,  piled  upon  the  bottom  of 
the  car  to  a  depth  of  about  2  feet.  They  are  commonly  shipped 
packed  in  crates  with  straw,  the  crate  being  usually  a  little  smaller 
than  our  common  orange  boxes. 

The  crate  is  almost  invariably  used  in  bringing  tunas  to  market  on 
the  backs  of  burros.  When  intended  for  immediate  market  use  they 
are  emptied  in  piles  upon  the  ground,  those  not  exposed  for  sale  being 
covered  with  green  herbage  or  old  cloths  and  kept  at  a  lower  temper- 
ature than  the  surrounding  atmosphere  by  the  evaporation  of  water 
sprinkled  over  them  from  time  to  time.  Handled  in  this  way  they 
keep  in  the  open  air  for  ten  to  twenty  days. 

Some  species,  the  chaveflas  especially,  in  the  vicinity  of  Aguas- 
calientes are  r^ularly  kept  over  winter  in  the  fresh  condition,  and 
one  may  find  some  of  the  various  species  and  varieties  in  the  market 
places  during  practically  the  entire  year.  From  late  May  to  early 
December  there  are  fresh  forms  constantly  found,  and  even  in  the 
spring  some  of  the  forms  of  joconoxtle,  which  are  eaten  only  after 
being  cooked,  may  be  found  upon  the  trees.  However,  the  majority 
of  those  upon  the  markets  after  December  have  been  packed.     Around 
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AguftscalieDtes  these  are  almost  invariably  chaveAas  which  have 
been  put  in  storage.  They  are  spread  in  thin  layers,  alternating  with 
layers  of  straw  or  old  hay  in  a  dry,  airy  place.  Handled  in  this  way 
they  will  keep  from  October  or  November  to  the  1st  of  May, 

UAOHINBBY  TTSKD  IN  KAEINa  TUNA  FRODUOTB. 

It  is  scarcely  necessary  to  state  that  all  of  the  appliances  used  in 
the  manufacture  of  tuna  products  are  of  the  most  primitive  nature, 
simple  and  crude  but  often  exhibiting  a  great  deal  of  skill  and  inge- 
nuity in  the  use  of  inexpensive  materials  at  hand  whicli  might  not 
be  recognized  as  at  all  suitable  by  people  accustomed  to  the  use  of 
machinery.  It  must  be  remembered  that  the  processes  described  here 
are  essentially  those  of  the  primitive  peoples  of  the  Republic  of 
Mexico.  They  are  processes  which  have  been  followed  in  all  essen- 
tial particulars  since  Cortez  first  landed,  and  how  long  before  no 
"one  knows.  It  is  said  that  the  same  processes  are  iii  vogue  to-day 
as  then,  with  but  slight  modifications. 

It  is  a  common  practice  for  a  suitable  number  of  people  to  establish 
a  camp  in  the  prickly  pear  thickets  late  in  the  season  for  the  purpose 
of  manufacturing  queso  and  the  other  products.  A  factory  and  a 
few  rude  huts  are  quickly  thrown  up,  giving  shelter  to  the  workers 
as  well  as  to  the  manufactured  products.  We  have  seen  factories 
consisting  of  a  small  adobe  building  of  one  room  about  25  feet  long 
by  15  feet  wide,  thatched  with  the  leaves  of  the  yucca  (PI.  V,  fig.  1). 
They  usually  contain  one  or  two  kettles,  generally  of  copper,  although 
pottery  is  sometimes  used,  one  or  two  troughs  hewn  out  of  willow, 
three  or  four  earthenware  tubs,  and  smaller  earthenware  vessels  in 
which  the  liquids  and  plastic  materials  are  handled.  The  kettles  are 
set  in  the  ground  up  to  their  handles,  on  a  slightly  elevated  side  of 
the  room,  over  a  rude  furnace  consisting  of  earth,  rock,  and  adobe. 
Besides  the  kettles,  there  are  in  the  rear  of  the  room  two  seeders  of 
tin,  supported  upon  a  frame.  On  the  left  of  the  factory  is  a  large 
trough  hewn  from  the  trunk  of  a  willow,  and  in  the  rear  of  the  room 
is  another  smaller  one  of  the  same  material.  Under  the  seeders  are 
earthenware  tubs.  The  bottom  of  an  oUa  (earthenware  urn)  pro- 
jects above  the  first  kettle.  The  kettles  are  reenforced  to  a  height 
of  about  18  inches  by  slabs  of  wood  cut  from  the  trunk  of  a  large 
yucca.  These  are  tightly  fitted  together  and  the  whole  tied  with  a 
rope  made  of  agave  fiber.  Some  of  the  yucca  wood  is  macerated  and 
used  to  chink  in  around  the  top  of  the  kettle  to  make  It  tight.  The 
kettles  are  about  20  inches  deep  and  3  J  feet  in  diameter. 

The  seeder  consists  of  a  tin  vessel  with  a  short  conical  base  having 
a  pivot  support  in  the  center  to  receive  an  axial  shaft  upon  which  are 
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hung  paddle-like  wings,  shown  in  more  detail  in  Plate  IV,  figure  1. 
This  axis  with  the  paddles  is  operated  by  a  crank,  as  shown  in  the 
illustration.  The  tin  vessel  is  perforated  by  nail  holes  of  such  size 
that  they  will  not  allow  the  seeds  to  pass  through. 

The  furnace  is  exceedingly  crude  and  consists  of  a  fire  pit  under 
the  kettles,  and  somewhere  a  smoke  flue. 

TTTHA  PBODtrcTB. 

Of  the  numerous  products  manufactured  from  the  prickly  pear, 
only  those  which  appear  to  be  the  most  important  have  been  selected 
for  discussion.  To  consider  all  of  the  products  would  necessitate  the 
use  of  more  space  than  can  be  devoted  to  the  subject.  Those  enu- 
merated will  give  a  very  fair  idea  of  the  importance  of  the  crop  upon 
the  highlands  of  Mexico. 

In  detailing  the  methods  of  manufacture  it  is  realized  that  the 
descriptions  givfen  constitute  simply  the  recipe  used  by  the  people  in  ■ 
a  certain  locality.  There  may  be  variations  in  the  methods  employed 
in  different  sections,  but  the  essential  features  of  the  processes  do  not 
differ.  The  methods  here  outlined  are  those  employed  in  the  vicinity 
of  Villa  Garcia,  in  the  State  of  Zacatecas. 

The  tuna  products  are  usually  manufactured  in  the  season  when  the 
fruit  is  thoroughly  ripened.  At  any  other  time  the  business  would 
not  be  as  profitable;  the  labor  of  collecting  would  be  much  greater  if 
done  while  the  crop  was  only  partially  ripe.  Again,  there  is  less  need 
for  preservation  of  the  valuable  material  so  long  as  it  remains  in  good 
condition  upon  the  trees  and  may  be  eaten  in  the  fresh  state. 

In  the  different  manufacturing  processes  all  available  tunas  may  be 
used  indiscriminately,  but  there  are  certain  oharacteristics  essential 
in  certain  products.  Although  the  pickers  usually  gather  all  fruits  of 
whatever  species  they  can  find,  the  prevaihng  material  will  be  of  one 
species  usually  best  suited  to  the  process. 

The  tunas  may  be  divided  into  two  great  classes,  based  upon  their 
condition  when  ripe.  One  group  or  class  has  pulp  which  when 
s(|ueezed  through  a  fine  cloth  gives  a  limpid  liquid  with  most  of  the 
solid  constituents  in  solution.  To  this  group  belong  the  more  impor- 
tant of  the  mansas  or  cultivated  forms,  such  as  the  amarilla,  the 
naranchada,  the  blanca,  the  palo  altena,  the  f&fa^'uca,  the  camuesa, 
the  ranchera,  and  the  morada.  The  other  class  has  fruits  whose  pulp' 
when  treated  in  the  same  manner  pelds  an  opaque  liquid  having 
much  solid  matter  in  suspension  in  a  fine  granular  condition.  The 
foremost  of  this  group  is  the  cardona,  and  with  it  should  be  classed  the 
tapona,  the  agua-mielilla,  the  lionera,  the  pachona,  and  the  opalilla. 
For  the  manufacture  of  queso,  melcocha,  and  miel  only  those  forms 
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are  used  which  have  solid  or  semisoUd  substances  in  suspension  in 
their  extracted  juices.  The  members  of  the  other  group  are  more 
often  used  for  drying. 

Colonche  may  be  numufactured  from  ahiiost  any  of  the  species,  but 
as  a  matter  of  fact  it  is  seldom  made  from  the  mansas,  because  of  the 
higher  value  of  the  fresh  fruit.  In  practice,  the  species  used  in  a 
locality  is  quite  constant  and  the  products  manufactured  are  very 
pure,  for  one  species  usually  predominates  to  such  an  extent  as  to 
necessitate  its  use  to  the  exclusion  of  others.  For  instance,  in  the 
vicinity  of  San  Luis  Potosi  and  Aguascalientes  the  cardona  predomi- 
nates, while  farther  south  the  Uonera,  the  agua-mielilla,  and  the  artona 
are  more  prevalent.  It  is  not  economical  to  prepare  the  products 
from  the  laige  mansa  forms  until  late  in  the  season,  and  then  they  are 
usually  dried.  They  command  a  better  price  when  fresh,  because  the 
supply  is  rather  limited. 

Different  colored  species  produce  food  products  of  different  colors, 
as  would  be  expected.  The  color  for  a  given  product  from  any  spe- 
cies, however,  may  or  may  not  be  constant,  for  the  process  of  manu- 
facture may  vary  to  such  an  extent  as  to  change  the  color.  This 
appUes  especially  to  such  products  as  miel,  melcocha,  and  queso, 
which  have  a  somewhat  complicated  process  of  manufacture,  are  sub- 
jected to  a  considerable  heat,  and,  in  the  case  of  the  last  especially, 
are  modified  by  aeration  and  kneading  after  the  boiling  ceases.  The 
boOed  paste  from  the  tuna  cardona  is  almost  black,  and  melcocha  is 
consequently  of  the  same  color,  but  the  queso  is  light  brown.  The 
tuna  cardona,  on  the  contrary,  retains  its  red  color  through  the  boil- 
ing process  and  therefore  makes  red  queso,  which  does  not  seem  to  be 
in  much  favor. 

When  tunas  are  gathered  for  manufacturing  purposes,  the  pulp — the 
part  ordinarily  used — is  removed  in  the  field,  as  described  elsewhere. 
On  account  of  its  exceedingly  juicy  nature  it  is  gathered  in  earthen- 
ware vessels,  or  ollas,  and  taken  into  the  factories  in  quantities  of  50 
to  75  pounds.  The  picker  usually  has  the  earthenware  vessel  strung 
across  -his  shoulders  by  means  of  ropes  of  maguey  (Agave)  fiber. 
When  the  vessel  is  filled,  it  is  delivered  to  the  factory  in  a  cart  or  the 
picker  carries  it  if  the  factory  is  not  too  far  away.  Material  delivered 
to  the  factories  consists  of  the  seedy  pulp  which  is  ready  for  the  kettles 
or  the  seeders. 
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Analyses  of  several  kinds  of  tuna  products  are  given  in  Table  III 
Table  lll.—Analyia  of  tome  tvjta  produeU. 
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ic  markets  at  AguAsoallentes. 
MIEL   DE   TUNA. 


In  the  manufacture  of  miel  de  ttma  the  seeder  is  usually  not  em- 
ployed. The  peeled  tunas  are  put  In  the  kettles  and  boiled  until  the 
free  seeds  fall  to  the  bottom.  Tlus  requires  usually  about  two  hours, 
fresh  material  being  added  from  time  to  time  as  the  water  evaporates. 
The  seeds  are  removed  with  a  sieve  and  the  sirup  is  returned  to  the 
fire  and  boiled  slowly  for  two  or  three  hours  more,  or  until  it  ap- 
proaches the  consistency  of  honey.  It  is  then  poured  into  wooden 
troughs,  where  it  is  thoroughly  stirred  with  wooden  paddles  until 
completely  cooled.  After  setting  for  twelve  to  twenty-four  hours  it 
is  packed  away  in  bottles  or  earthenware  jugs.  It  may  he  kept  about 
the  same  as  molasses  and  is  said  to  remain  in  good  condition  indefi- 
nitely. After  a  time,  however,  it  candies  and  becomes  difficult  to 
handle. 

The  method  of  cooling  is  considered  very  important  in  the  manu- 
facture of  this  product  as  well  as  in  the  manufacture  of  melcocha  and 
queso,  for  if  the  material  is  allowed  to  cool  without  stirring  it  is 
believed  to  have  a  tendency  to  sour.  After  it  has  cooled  there  is  said 
to  be  no  further  danger  of  deterioration.  The  only  change  which 
appears  to  take  place  thereafter  is  crystallization,  which  b^ins  rather 
soon  and  is  said  to  continue  for  about  two  years,  until  a  completely 
candied  mass  is  formed.  Upon  the  laige  haciendas  away  from  the 
towns  this  sells  for  from  15  to  20  cents  a  liter  (about  1  quart). 


In  the  manufacture  of  melcocha  peeled  tunas  are  put  in  the  machine 
and  seeded.    The  kettles  are  filled  two-thirds  full  of  juice,  which  is 
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boiled  upon  a  brisk  fire  for  about  three-quarters  of  an  hour,  when 
more  juice  is  added  and  the  boihng  continued .  The  foam  arising  from 
the  boiUng  is  very  great  when  the  sirup  is  thin,  but  as  it  thickens  tliis 
becomes  less;  then  more  of  tlie  fresh  juice  is  added  to  thin  it  until, 
httle  by  little,  the  supply  is  all  used  up.  This  takes  four  or  five  hours 
in  all.  The  material  is  then  kept  warm  by  banking  the  fire.  After 
this  it  is  kept  in  such  a  condition  that  it  thickens  very  greduslly  for 
one  or  two  hours  more,  the  object  now  being  to  keep  the  evaporation 
constant  and  low  until  the  proper  consistency  is  reached.  When  a 
spoonful  can  be  dipped  up  and  the  material  will  not  run  out  when 
turned  upside  down,  the  process  of  evaporation  is  stopped  and  all 
fire  is  removed  from  the  furnace. 

The  process  of  the  manufacture  of  meicocha  is  exceedingly  varia- 
ble- The  one  detailed  above  is  that  interpreted  to  us  by  Sefior 
Enrique  Guerra  in  1005.  In  1906  other  persons  upon  the  same 
hacienda  prepared  meicocha  somewhat  differently. 

Invariably  the  puddled  paste  from  which  queso  is  made  is  called 
meicocha  also,  and  often  this  is  preserved  for  future  use  with  no 
kneading  or  other  preparation  except  packing  away  in  suitable  recep- 
tacles, as  described  elsewhere.  Tlie  only  difference  between  mei- 
cocha and  queso  in  that  case  consists  in  the  kneading  and  puddling 
which  the  paste  gets  after  being  cooled,  the  meicocha  being  simply 
unkneaded  queso.  The  two  products  might  be  Ukened  to  taffy  in  the 
different  stages  of  its  manufacture,  the  taffy  corresponding  to  the 
queso  and  the  cooled  sugar  or  molasses  before  being  pulled  to  the 
meicocha. 

After  the  evaporation  is  stopped,  the  meicocha  is  poured  into  a 
trough,  as  in  the  case  of  miel,  and  worked  with  wooden  paddles  very 
rapidly  in  order  that  it  may  cool  as  quickly  as  possible.  When  the 
temperature  is  reduced  so  that  it  is  not  uncomfortable  to  the  touch, 
the  vessel  is  covered  and  left  until  the  next  day,  or  it  may  be  left  two 
or  three  days.  The  best  way,  it  is  said,  is  to  puddle  upon  a  stone 
or  wooden  table  twenty-fouj-  hours  after  evaporation  has  discon- 
tinued. The  rule  here  is  to  "strike"  the  "dough"  100  times  on  a 
stone,  the  whole  lump  being  raised  above  the  head  and  then  dropped 
forcibly  100  times.  During  this  process  flavoring  matter,  almonds, 
etc.,  are  sometimes  added  to  the  product,  but  usually  nothing  is 
added  to  the  concentrated  juice. 

Crystallization  begins  in  meicocha  within  a  month  or  six  weeks 
after  manufacture  and  continues  indefinitely,  the  material  becoming 
more  and  more  candied  with  time,  like  miel. 

Meicocha  may  be  kept  in  earthen  jars  with  wide  mouths,  which  is 

the  conunon  method  of  preservation.    A  poorer  way  is  to  preserve 

without  puddling.    In  this  case,  about  two  tablespoonfuls  are  put  in  a 
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com  husk  and  covered  completely  and  as  tightly  as  possible  with  this 
kind  of  covering.  In  this  form  it  is  a  common  article  upon  the  mar- 
ket places  in  the  larger  cities,  and  this  quantity  usuaily  sells  for  1  cent. 
The  price  of  melcocha  put  up  in  quantity  in  earthenware  Jars  is  from 
$1.50  to  S2  per  arroba  (25  pounds). 

QUESO   DE   TUNA. 

The  queso,  or  cheese,  of  the  tuna  is  made  the  same  as  melcocha, 
except  that  the  evaporation  is  carried  a  little  further  or  until  the 
cooled  material  will  not  leave  the  spoon  when  it  is  shaken.  The 
puddling  is  also  more  thoroughly  done.  The  rule  here  is  to  "strike" 
150  or  200  times  upon  a  flat  stone  or  wooden  table.  Queso,  while  so 
similar  to  melcocha,  never  crystallizes,  although  the  evaporation  is 
carried  but  little  further. 

After  puddling  the  product  is  put  in  any  shape  desired.  It  is  com- 
monly shaped  in  small  hoops  of  white  pine  or  willow  about  3  inches 
in  diameter  or  in  larger  boxes  dovetailed  at  the  comers  so  they  can 
be  removed  in  pieces.  The  first  method  gives  the  product  the  form 
of  the  common  cottage  cheese  found  upon  the  markets,  and  it  is  from 
this  that  it  receives  its  name  queso  de  tuna,  or  cheese  of  the  tuna. 
These  molds  are  moistened  just  before  the  material  ia  packed  into 
them  to  be  shaped.  They  are  then  removed  immediately.  The 
queso  sets  perfectly  in  from  one  to  two  hours.  It  is  a  common  prac- 
tice at  the  latter  haciendas,  where  a  first-class  product  is  desired,  to 
cover  the  queso  with  tin  foil  to  preserve  the  color  and  prevent  evapo- 
ration.    No  other  changes  appear  to  take  place  in  this  product. 

Queso  will  keep  indefinitely  if  put  away  in  a  dry  place  to  prevent 
molding.  However,  it  gets  harder  and  harder  from  loss  of  moisture 
as  time  goes  on.  Covering  with  tin  foil  delays  hardening  and  pre- 
vents darkening  to  some  extent.  The  more  puddling  or  kneading 
the  material  gets  in  its  manufacture  the  harder  it  becomes  and  the 
lighter  is  its  color.  To  avoid  the  labor  of  puddling,  it  ia  a  common 
practice  to  get  rid  of  the  natural  dark  color  by  adding  dyes.  This 
leaves  the  queso  soft  and  gives  to  the  trade  the  color  that  is  pleasing. 
Beet,  carrot,  and  other  vegetable  juices  are  used  for  this  purpose. 

Sometimes  one  will  find  queso  and  melcocha  packed  in  vessels  in 
alternate  layers.  After  a  few  months  the  melcocha  is  candied  to  a 
considerable  extent,  while  the  queso  remains  soft  and  plastic,  giving 
what  is  considered  .a  very  desirable  product. 

The  treatment  of  the  paste  after  leaving  the  kettles  is  one  of  aera- 
tion and  apparently  does  not  differ  essentially  in  effect  upon  the 
product  from  the  process  of  pulling  taffy.  Although  it  would,  seem 
that  the  details  of  the  process  might  be  quite  varied,  wherever  the 
writers  have  seen  queso  puddled  the  method  has  always  been  the 
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same.  A  batch  of  the  paste  conaiating  of  10  to  20  pounds  is  placed 
upon  a  flat  rock  which  has  been  previously  moistened  with  water. 
The  paste  is  gathered  Into  a  compact  mass  by  hand  and  the  whole 
raised  above  the  head  of  the  operator  and  dropped,  or  really  thrown 
forcibly  down  upon  the  rock  again.  The  edges  of  the  flattened  mass 
are  gathered  together  again  and  the  process  is  repeated  many  times. 
Usually  two  persona  work  by  turns,  for  the  labor  is  very  exhausting, 
the  mass  of  paste  being  quite  heavy  and  the  movements  necessary  to 
handle  the  mass  properly  being  rapid  and  vigorous. 

COLONCHE. 

In  the  preparation  of  cotonche,  which  is  a  fermented  drink,  the 
pulp,  including  the  seeds,  is  boiled  slowly  two  or  three  hours,  fresh 
material  being  added  from  time  to  time  as  evaporation  goes  on. 
The  whole  mass  is  then  strained  and  the  Hquid  set  away  to  cool.  Usu- 
ally a  little  old  colonche  is  added  to  start  fermentation.  This  beverage 
is  used  from  the  time  fermentation  begins  up  to  twenty  days  or 
more  thereafter.  The  longer  it  stands  the  more  violent  is  its  intoxi- 
cating effect.  In  some  cases  the  seeds  are  removed  by  the  seed 
extractor  and  the  juice  is  boiled,  as  before.  Sometimes,  but  not  so 
often  as  formerly,  old  colonche  is  distilled  into  an  alcoholic  beverage. 

It  was  a  common  practice  a  few  years  ago  to  distill  the  fermented 
peelings  of  the  tuna,  but  the  practice  has  not  been  successful  because 
of  the  ill  effects  which  the  product  is  said  to  have.  The  natives  say 
it  produces  violent  headaches,  and  for  this  reason  it  has  been  almost 
entirely  supplanted  by  mescal,  tequilla,  and  other  m^:uey  (Agave) 
products  which  produce  less  deleterious  effects. 

No  successful  method  seems  to  have  been  devised  for  the  preservar 
tion  of  colonche.  Some  have  tried  to  bottle  it,  but  without  success. 
It  is  quite  probable  that  the  fresh  juice  could  be  preserved  by  boiUng, 
thus  killing  all  germs,  and  then  hermetically  sealing  it  in  vessels  in 
much  the  same  way  as  fresh  fruits  are  preserved  in  this  country.  The 
failures  appear  to  the  writers  to  be  due  to  imperfect  methods  of  sterili- 
zation. 

RELATION    OF   TUNAS   TO   FINISHED   PRODUCT. 

It  is  seldom  that  one,  by  talking  to  the  men  who  make  the  queso, 
can  get  any  idea  of  the  amount  of  boiling  and  evaporating  to  which 
the  tuna  juice  is  subjected.  Fortunately,  in  1906,  an  opportunity 
was  had  to  visit  Los  Campos  in  season.  Through  the  kindness  of 
Sefior  Enrique  Guerra  a  day  was  spent  at  a  queso  factory  and  notes 
were  secured  upon  the  work  carried  on  that  day,  including  the  entire 
process  from  the  charging  of  the  kettles  in  the  morning  to  the  pud- 
dling in  the  evening.  The  next  morning  the  weighing  and  kneading 
of  the  paste  were  also  witnessed.  ,    ;     CitHIQlc 
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At  6  o'clock  in  the  morning  of  the  day  spent  at  the  factory  the 
kettles  were  chai^d  with  65  gallons  of  the  juice  of  the  tuna  cardona, 
a  portion  of  which  had  been  seeded  the  night  before,  A  brisk  fire 
of  wood  of  the  same  species  of  prickly  pear  was  stuied  at  the  same 
time.  During  the  day  25  gallons  more  of  the  juice  were  added  as 
evaporation  proceeded.  The  evaporation  was  carried  on  very 
slowly  and  somewhat  irregularly  until  8  o'clock  in  the  evening. 
But  little  attention  was  paid  to  the  kettles  until  toward  evening, 
when  the  juice  was  constantly  stirred.  The  juice  was  secured  from 
150  gallons  of  peeled  tunas  from  which  the  rind  had  been  completely 
removed,  the  shrinkage  in  seeding  being  very  largely  due  to  the  bulky 
seed.  These,  however,  it  was  impossible  to  weigh.  The  melcocha, 
which  was  kneaded  into  queso  the  next  day,  measured  12  gallons  and 
weighed  130  pounds.  These  figures  aresufficiently  exact  for  ordinary 
computations  upon  these  processes. 

The  relation  of  rind  to  pulp  and  seed  in  the  tuna  cardona  as  deter- 
mined by  our  laboratory  investigations  is  as  42.66  to  57,34.  In  the 
above  charge  of  the  kettles,  therefore,  the  tunas,  if  they  had  been 
picked  in  the  field,  rind  and  all,  would  have  measured  about  261.66 
gallons,  yielding  150  gallons  of  tunas  with  the  rind  removed,  which 
when  seeded  gave  90  gallons  of  juice.  This  when  boiled  gave  12 
gallons  of  queso,  as  previously  stated. 

These  figures  apply  only  to  the  tuna  cardona.  The  proportions 
might  be  very  different  for  another  species,  but  the  amount  of  qUeso 
prepared  from  any  other  species  is  small.  The  cardona  is  preemi- 
nently the  tuna  for  the  manufacture  of  queso.  It  is  a  native  species 
of  average  size,  weighing  about  IJ  ounces.  It  is  only  one-half  to 
one-fourth  the  size  of  many  of  the  cultivated  forms. 

DRIED    TUNAS    (TITNAS    PASADAS;   TUNAS    SECAs). 

The  native  Mexican  exhibits  a  great  <leal  of  dexterity  in  the  use  of 
the  knife  in  the  preparation  of  the  tuna  to  be  dried.  The  thin  outer 
skin  of  the  fruit  is  so  impervious  to  moisture  that  evaporation  does 
not  take  place  rapidly,  and  the  fruit  dries  very  slowly  until  this  skin 
is  removed.  At  the  same  time,  because  of  the  small  amount  of  pulp 
and  the  lai^e  amount  of  juice,  it  is  not  a  good  plan  to  slice  the  fruit  as 
apples  are  sliced.  The  plan  followed  is  to  peel  very  thinly  and  dry 
the  pulp  and  rind  intact.  The  tuna  to  be  peeled  is  grasped  with  the 
thumb  an<l  middle  finger  of  the  left  hand  and  with  a  sharp  knife  the 
epidermis  is  literally  whittled  off  in  small  pieces  almost  as  thin  as 
paper.  The  operator  saves  all  of  the  rind  he  can,  taking  off  only  the 
thin,  hard  epidermal  covering,  together  with  the  areoles  containing 
the  spicules.  The  flower  scar  is  left  unmolested  to  dry  upon  the  fruit. 
When  peeled  the  fruits  are  sun  dried  upon  a  latticework  of  switches 
tied  together  with  maguey  (Agave)  fiber  or  narrow  strips  of  raw- 
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hide  (PI,  III,  fig.  2).  The  drying  occupies  from  ten  to  fifteen 
days,  when  a  yellow  deposit,  consisting  probably  in  laige  part 
of  crystals  of  dextrose  incased  in  a  covering  of  gum,  plant  mucilage, 
and  possibly"  some  uncrystalhzable  levulose,  completely  covers  the 
outside  of  the  fruits.  They  are  then  packed  in  woven  rush  bags,  and 
in  this  condition  are  said  to  keep  quite  as  well  as  other  dried  fruits. 
An  attempt  is  made  to  get  the  outside  thoroughly  dried,  but  there  is 
a  great  deal  of  moisture  left  in  the  pulp.  After  being  packed  loosely 
in  a  box  for  six  months  the  pulp  is  still  quite  pasty  and  on  the  whole 
httle  drier  than  fresh  dates  as  ordinarily  found  upon  the  markets. 
When  kept  in  large  quantities,  tightly  packed,  the  evaporation  is, 
of  course,  not  as  great. 

Considerable  dexterity  is  exhibited  by  the  operators  in  preparing 
the  tunas  for  drying.  The  writers  had  the  good  fortune  to  observe 
the  process  in  Montesa  in  the  State  of  Zacatecas.  Plate  III,  figure  ], 
tells  better  than  words  the  attitude  of  the  operator  in  peeling  tunas. 
The  fruit  is  held  between  the  thumb  and  middle  finger  of  the  left  hand, 
the  thumb  resting  on  the  flower  scar,  and  with  a  sharp  knife  in  the 
right  hand  the  epidermis  is  whittled  off.  The  movements,  contrary 
to  what  one  would  expect,  are  comparatively  simple,  the  right  hand 
moving  the  knife  rapidly  in  one  plane,  the  left  holding  the  tuna 
between  the  thumb  and  middle  finger,  the  index  and  third  fingers 
rolling  it  on  its  axis.  '  It  makes  two  revolutions  before  it  is  completely 
divested  of  its  epidermis.  During  the  first  revolution  the  epidermis 
is  removed  from  the  upper  portion;  then  the  fruit  is  tilted  slightly 
as  it  revolves  slowly,  and  the  epidermis  is  removed  from  the  lower 
half  diuTug  the  second  revolution  on  its  axis.  The  epidermis  is  thus 
removed  in  small  very  thin  pieces.  Before  being  peeled  the  fruit 
is  brushed  to  remove  the  spicules.  The  operator  shown  in  Plate 
III,  figure  1,  was  timed  repeatedly  to  determine  the  speed  at  which 
he  worked.  A  fruit  was  peeled  with  from  28  to  35  strokes  of  the 
knife  and  in  the  remarkably  short  space  of  t«n  seconds. 

At  times  a  small  stick  about  the  size  of  a  lead  pencil  is  thrust  into 
the  proximal  end  of  the  tuna  after  it  is  peeled.  It  is  then  squeezed 
between  the  fingers  to  express  as  much  of  the  juice  as  possible. 
This  shortens  the  drying  period  three  or  four  days,  but  much  val- 
uable material  is,  of  course,  lost,  and  the  product  prepared  in  this 
way  is  of  inferior  quality. 

Cartons  in  which  the  dry  tunas  are  packed  contain  about  an 
arroba  {25  pounds),  or  600  dry  tunas,  for  which  the  producer  realizes 
from  Si. 50  to  S2.50,  depending  upon  the  character  of  the  crop. 

Usually  dry  tunas  are  prepared  from  the  white  and  yellow  mansa 
forms,  such  as  the  amarilla,  the  naranjada,  the  fafayuca,  the  palo 
altena,  the  blanca,  the  teca,  etc.     The  wild  forms,  such  as  the  car- 
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dona,  the  pachona,  the  af^a-mielilla,  etc.,  are  too  small  and  contain 
relatively  more  spicules,  both  of  which  characters  are  objectionable. 
Again,  the  red  species  diy  almost  'black  and  are  consequently  not 
nearly  as  attractive  in  the  finished  product  as  the  lighter  colored 
varieties. 

UBTHODS  USED  IN  JJf AI,TBBS  OF  TVHAB. 

The  methods  of  analyses  which  were  used  in  this  work  are  for  the 
most  part  those  of  the  Association  of  Official  Agricultural  Chemists." 
In  some  cases  the  nature  of  the  work  seemed  to  demand  a  modifica- 
tion of  these  methods,  and  the  scheme  as  used  in  the  laboratory  for 
the  determination  of  each  constituent  is  briefly  outlined  below. 

(1)  Average  weight. — Weigh  eight  or  ten  average-sized  fruits  and  divide  the  total 
weight  by  the  number  taken. 

(2)  Percentage  of  rind. — Remove  the  rind  from  the  truit  by  cutting  oft  each  end  just 
throi^h  to  the  pulp,  then  cutting  once  lengthwise  through  the  rind  to  the  pulp,  and 
then  peeling  back  the  rind.  A  distinct  division  usually  existn  between  pulp  and 
rind,  rendering  their  separation  easy.  Calculate  the  percentage  from  the  average 
weight  of  the  rind  and  fruits  taken. 

(3)  Percenlage  of  teed. — With  the  Imnda  aqucezo  the  pulp  obtained  by  the  method 
explained  in  the  preceding  paragraph  through  a  piece  of  stout,  thin  musliD.  By 
this  means  pTBCtically  all  but  the  seed  is  forced  through  the  meshea  of  the  cloth.  After 
washii^  wilh  water,  dry  the  seed  on  the  water  bath  and  weigh.  Calculate  the  per- 
centage from  the  average  weight  of  the  seed  and  fruits  taken. 

(4)  Pereentage  o/re/iitf. — Tlie  percentage  of  total  refuse  representB  the  sum  of  the 
average  weight  of  peed  and  of  rind  divided  by  the  average  weight  of  fruits  t«kei]. 

(5)  Percentage  of  tdibU  portion. — The  difference  between  100  and  the  total  refuae 
represents  (he  edible  portion. 

(6)  Percenlage  of  lolal  solidt. — Place  20  grams  of  the  [reah  pulp  obtained  by  proceaa 
No.  3  in  a  flat- bottomed  dish  whi<'h  contains  from  4  to  5  grams  of  freshly-ignited  aebes- 
toe.  Dry  to  constant  weight  in  a  water-jacketed  vacuum  oven  at  70°  C.,  and  calculate 
the  total  solids. 

(7)  IntoliibU  totidi.—Vae  Kremta's  method  as  modified  and  described  in  Bulletin 
No.  66  of  the  Bureau  of  Chemistry,  page  13. 

(8)  Specific  graiily  of  the  juiee. — Filter  some  of  Ihe  pulp  obtained  by  proccea  No.  3 
through  a  piece  of  thin  doth,  and  determine  its  specific  gravity  by  meaosof  a  Westpbal 
balance.  Determine  the  total  solids  of  the  juice  from  its  specific  gravity  by  the  mice 
given  in  Bulletin  So.  65  of  the  Bureau  of  Chemistry,  Table  IV,  page  32. 

(9)  Total  nilro^m.— Determine  the  nitrogen  In  10  grams  of  fruit  by  the  Kjeldah] 
method.  The  results  obtained  are  used  for  the  calculation  of  amids.  The  total  pro- 
teids  are  the  sum  of  the  albuminoids  and  amids. 

(10)  Albuminimb. — Determine  the  albuminoid  nitrogen  in  10  grams  of  the  fruit  by 
the  method  of  Stutzcr  as  given  in  Bulletin  No.  46  of  the  Bureau  of  Chemistry,  revised 
edition,  page  24.    Multiply  the  nitrogen  by  6.25  for  the  albuminoids. 

(11)  Amidt. — Subtract  the  nitrogen  of  the  albuminoids  from  the  total  nitrogen,  and 
multiply  the  remainder  by  4,25. 

(12)  ^ciA.— Take  from  10  to  30  grams  of  the  pulp,  or  better  100  c.  c.  (10  grams)  of 
filtrate  from  the  insoluble  solids  obtained  by  process  No.  7,  and  titrate  with  N/10 
potassium  hydroxid.  When  the  juice  is  highly  colored  iu  own  coloring  matter  will 
serve  as  an  indicator  of  the  end  reaction;  otherwise  use  phenolphthalein  or  cochineal 
(calculate  to  per  cent  H^Oj), 

<■  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Buls.  65  and  66. 
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(13)  PolamalioH  (tftVed).— Weigh  26.048  graniB  of  the  fruil,  transfer  to  &  100-r.  c. 
flask,  add  50  c.  c.  of  water,  from  3  to  5  c.  c.  of  subaceUte  of  lead,  and  about  10  c.  c. 
of  alumina  cream  to  clarify.     Make  up  to  volume;  (hen  filter  and  polarize. 

(14)  Polarieation  (inwrt). — In  a  flask  giaduated  to  50  an-l  55  c.  c.,  place  50  c.  c.  of 
the  clear  solution  prepared  in  Jiccordance  with  process  No.  13.  Fill  to  the  &5-c.  c. 
mark  with  concentrated  hydrochloric  acid.  Place  the  flask  in  the  water  ba.ih  and 
heat  until  the  thormoroeler  marks  68°  C,  requiring  fifteen  minutes  in  the  healing. 
Remove  and  cool  to  room  temperature;  then  polarize  and  note  temperature.  Calcu- 
late the  percentage  of  Bueroac  by  (lergct'a  formula,  S  =    i.4_  -p" 

2 

(15)  Reducing  tugart. — Take  25  c.  c.  of  the  solution  prepared  fur  polarization  as 
explained  in  process  No.  13  and  add  sufficient  sodium  sulphate  to  precipitate  the  excess 
of  Bubacetate  of  lead;  then  filter.  Takeanaliquot  part  (6  c.  c.jof  this  filtrate  contain- 
ing not  over  0.2  gram  of  reducing  sugars,  add  to  a  beaker  containing  25  c.  c.  each  of 
Soxhlet's  copper  and  alkaline  tartrate  solutions,  and  make  volume  about  100  c.  c.  with 
water.  Heat  the  contents  of  the  beaker  over  wire  gauze  with  the  flame  so  T^utated 
that  boiling  b^ns  in  four  minutes.  Continue  boiling  for  exactly  two  minutes,  keep- 
ing the  beaker  covered  with  a  watch  glass.  Without  diluting,  filter  the  cuprous  oxid 
at  once  on  a  weighed  asbestos  felt  in  a  Gooch  crucible,  usingsuclion.  Wash  thoroughly 
with  distilled  water  at  60°  C,  then  with  10  c.  c.  of  alcohol,  and  finally  with  10  c  c. 
of  ether.  Dry  tor  thirty  minutes  in  a  water  oven  at  IOC  C.,  eool  in  desiccator,  and 
weigh  as  Cu,0.  Calculate  sugars  as  dextrose  from  AlHhn's  table.  Make  correction 
for  spontaneous  precipitation  of  cuprous  oxid. 

The  asbestos  used  is  specially  prepared  by  digesting  with  1  to  3  hydrochloric  acid 
for  two  or  three  days.  Wash  free  of  acid  and  digest  f<ir  a  similar  period  with  a  soda 
solution,  after  which  treat  for  a  few  hours  with  hot  alkaline  copper  tartrate  solution  of 
the  alrenglh  employed  in  sugar  determinations."  The  asbestos  is  then  washed  free 
from  alkali,  finally  digested  wirh  nitric  acid  for  several  hours,  and  after  washing  free 
from  acid  it  is  shaken  up  with  water  fur  use.^ 

(16)  Siierott  by  rediirtion.— Invert  the  same  amount  of  solution  d<«cribed  in  priH-css 
No.  13  as  was  U!M'<1  for  reducing  sugars,  using  hydrochloric  acid  in  the  same  proportion 
for  inversion  as  described  under  proi'ess  No.  14,  and  invi'rt  in  a  similar  manner.  Neii- 
trslizc  with  sodium  hydroxid  and  determine  total  sugars  as  dextrose.  Subtract  fmm 
this  the  reducing  sugars  f>bl«ined  by  process  No.  15  and  multiply  the  differenet^  by 
0.95  for  sucrose  by  reduHion. 

(17)  A$h  in  loluble  goiiA.— Treat  50  c.  c,  of  the  siilution  obtained  by  process  No.  G, 
aaoutlinedunder  Determination  of  .Ash  in  Bulletin  No.  66  of  the  Bureau  of  Chemistry, 
page  13. 

(18)  Altalinily  o/asA,— Add  in  known  amount  an  excess  of  N/2  hydrochloric  acid 
to  tbe  dish  of  ash  obtained  by  process  No.  IT.  Add  1  ['.  c.  of  co<'hineal  solution  antl 
titrate  with  N/10  potassium  hydroxid.  Calculate  (o  IC,COj.  One  c.  c.  N'/IO  KOH= 
0.00691  grams  K,COj. 

(19)  Alcohol  predpilale  -vrgttabh  wiidlage.  pedin.  and  mll»  of  organk  andn. — 
Determine  by  the  method  given  in  Bulletin  No.  66  of  the  Bureau  of  Chemistry,  page  21. 

>>  Reducing  sugars  were  calculated  l[>  <lextro6c  in  this  work  because  an  excess  of  <lex- 
titise  over  levulose  appeared  to  be  present  in  the  tunas.  Since  the  reducing  power  of 
dextrose  in  terms  of  other  reducing  sugars  is  known,  these  values  can  be  cflnverlcKi 
into  any  form  of  reducing  sugars  desired  by  means  of  their  dexlnsie  raliow  as  given  by 
('.  A.  Browne,  jr.,  in  the  Journal  of  the  American  Chemical  SiM'iety,  Vol.  XXVIIl, 
No.  4. 

Ir  Munsun  and  Walker.     Journal  uf  the  American  Chemical  Society,  Vol.  XXVIIl, 

No.  6,  |).  666.  j'--  I  ^ 
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OOKPOBinON  OF  tthtas. 

TOTAL   SOLIDS. 

The  solid  matter  in  the  fruit  is  about  the  averse  of  that  found  in 
other  fruits,  as  may  be  seen  by  comparing  Tables  IV  and  V. 

Like  all  other  fruits,  the  quantity  of  solids  differs  for  the  diiferent 
varieties,  amounting  to  from  5.33  per  cent  in  No.  6,  San  Antonio, 
0.  lindhetmfi.ri,  to  11.60  per  cent  in  No.  8057,  tuna  amarilla.  No.  5, 
Agricultural  College,  had  a  higher  solid  content  than  the  latter,  but 
is  not  comparable  with  the  other  fruits,  because  it  is  an  Echinocereus, 
and  the  seeds  were  included  with  the  other  sohds,  they  being  edible 
in  this  group  of  the  plants. 

The  amount  of  total  aoUds  in  any  fruit  is  not  necessarily  an  indica- 
tion of  its  valiie,  though  usually  high  sohds  indicate  high  soluble 
solids  and  a  high  sugar  content,  and  the  nutritive  value  of  any  fruit 
is  dependent  on  the  quantity  of  these.  Since  the  solids  of  the  tuna 
are  practically  all  soluble  in  water  and  a  large  percentage  of  the  sol- 
uble material  is  sugar,  the  percentage  of  total  solids  of  this  fruit  is 
usually  an  index  of  its  nutritive  value,  hut  this  is  not  always  the  case. 
No,  5,  San  Antonio,  for  example,  had  7.13  per  cent  of  solids,  but  only 
1,41  per  cent  of  these  solids  was  sugar.  However,  with  most  tunas, 
practically  all  of  the  total  solids  of  the  pulp  exclusive  of  seeds  are 
soluble,  and  a  high  percentage  of  the  soluble  portion  is  sugar.  There 
are  few  fruits  that  will  make  as  good  a  showing  as  the  tunas  in  this 
respect.  ■  In  many  of  the  small-seeded  fruits,  like  figs  and  strawber- 
ries, the  seeds  are  included  in  the  total  solids,  while  in  the  others,  like 
apples  and  pears,  there  is  a  large  amount  of  marc,"  and  both  the  seed 
and  marc  being  insoluble  there  is  a  large  difference  between  the  total 
and  soluble  solids.  In  the  total-solids  determinations  of  the  tuna  the 
seeds  were  not  included  and  the  marc  b  exceedingly  small  in  quantity, 
as  may  be  seen  by  taking  the  difference  between  the  total  and  soluble 
solids. 

The  total  solids  of  the  juice  is  calculated  from  its  specific  gravity. 
This  determination  should  be  about  the  same  as  the  soluble  solids 
and  total  sugars.  Where  the  sugars  are  more  than  the  soluble  solids 
or  the  total  sohds  of  the  juice,  there  is  probably  some  error  in  soluble 
solids  determination.  The  per  cent  of  total  soUds  of  the  juice  is 
quite  often  higher  than  the  soluble  solids,  due  no  doubt  to  the  fact 
that  some  pulp  was  in  the  juice  when  its  specific  gravity  was  taken. 

Almost  without  exception  the  fruits  from  Mexico  contain  more 
solids  and  sugar  than  those  varieties  native  to  the  United  States. 

"Material  insoluble  in  water. 
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The  proteida  are  a  group  of  bodies  found  in  greater  or  less  quantity 
in  all  foods,  but  the  amount  found  in  any  fruit  is  usually  quite  small. 

Bananas,  figs,  currants,  and  apricots  have  been  found  to  contain 
over  1  per  cent  of  proteids,  but  as  a  rule  fruits  have  less  than  0.5 
per  cent.  This  is  true  of  the  tunas,  which  average  about  the  same 
as  the  pear,  the  apple,  or  the  peach. 

Protein  alone  can  furnish  material  for  building  flesh  or  muscle  in 
the  animal  body.  A  man  of  moderate  work  will  require  as  much  as 
1  pound  of  protein  for  every  6  pounds  of  carbohydrates  eaten.  If  the 
fruit  of  the  prickly  pear  should  have  0.5  per  c«nt  of  protein  and  10 
per  cent  of  sugar,  and  all  or  equal  amounts  of  both  be  digested,  those 
Mexicans  who  make  this  fruit  their  exclusive  diet  would  get  20  pounds 
of  carbohydrates  for  each  pound  of  protein  obtained.  It  is  plain  to 
see,  therefore,  that  some  other  nitrogenous  food  should  be  eaten  with 
tunas  as  with  all  other  fruits  to  balance  the  ration. 

The  proteids  are  not  compounds  of  definite  chemical  composition, 
but  they  are  made  up  of  a  group  of  bodies  each  differing  somewhat 
from  the  others  in  their  composition.  One  element  common  to  all 
the  proteids  is  nitrogen,  but  the  amount  of  this  element  varies  in  each 
compound. 

The  food  chemist  makes  no  attempt  to  separate  the  various  pro- 
teids occurring  in  any  food,  but  he  often  separates  them  into  two 
smaller  groups  of  albuminoids  and  amido  bodies,  or  amids. 

ALBUUINOllia. 

The  albuminoids  are  those  nitrogenous  compounds  which  more 
nearly  resemble  the  white  of  an  egg  in  their  composition  and  function 
in  the  animal  body.  They  all  contain  very  close  to  16  per  cent  of 
nitrogen  in  the  molecule;  hence  in  the  method  for  their  estimation  in 
the  laboratory  the  amount  present  in  a  food  is  determined  by  multi- 
plying the  percentage  of  nitrogen  which  they  contain  by  the  factor 
6.25,  which  has  been  used  in  all  of  the  calculations  of  albuminoids  in 
the  tables. 

The  albuminoids  are  the  mo.st  valuable  of  all  the  protein  compounds 
because  they  are  the  only  ones  that  can  serve  as  building  material  in 
the  animal  body.  In  an  average  of  all  the  Mexican  samples  the  per- 
centage of  total  proteids  was  0.377.  Of  this  amount  only  0.107  per 
cent  was  albuminoids.  Thus  it  may  be  seen  that,  roughly,  not  one- 
tliird  of  the  total  proteids  of  the  tima  is  in  the  form  of  albuminoids, 
which,  of  course,  means  that  the  muscle  and  flesh  forming  compounds 
of  this  fruit  are  less  than  one-third  of  the  total  proteids. 
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Amids,  the  other  group  of  compounds  into  which  the  chemist 
divides  the  tot&l  proteids,  are  &  similar  group  of  nitrogenous  com- 
pounds that  are  present  in  plants,  especially  in  their  fruits. 

They  constitute  one  of  the  first  products  formed  by  the  plant  in 
its  synthesis  of  nitrogen  ivith  other  elements  in  forming  the  more 
complex  albuminoids  or  they  are  cleavage  products  in  the  decom- 
position of  the  latter;  hence  they  have  fewer  atoms  in  the  molecule 
and  a  greater  proportion  of  nitrogen.  In  these  calculations  it  has 
been  assumed  that  all  the  amids  in  the  tunas  contain  23.53  per  cent 
of  nitrogen  and  the  amount  present  has  consequently  been  calculated 
by  multiplying  the  percentage  of  nitrogen  which  they  were  found  to 
contain  by  4.25. 

The  amids  are  not  so  valuable  a  food  as  the  albuminoids.  They 
are  probably  incapable  of  serving  as  building  material,  but  may,  like 
the  carbohydrates,  serve  as  fuel.  They  are  also  thought  in  some 
way  to  protect  and  prevent  the  consumption  of  proteids  of  the  body 
tissue. 

Because  of  the  comparatively  largo  quantity  of  amids  in  the  total 
proteids  the  amount  of  the  latter  in  the  tunas  would  not  be  equal  in 
value  to  the  same  amount  of  proteids  in  meat  or  many  other  nitrog- 
enous foods. 

In  these  analyses  the  water-soluble  proteids  have  been  determined, 
which  no  doubt  include  all  of  the  amids  and  a  part  of  the  albuminoids. 
This  determination  was  made  to  ascertain  the  probable  available 
proteids  and  partly  to  serve  as  a  check  on  the  total  proteids. 


A  study  of  the  tables  giving  the  analyses  of  the  whole  fruit  as  well 
as  the  rind  and  pulp  shows  the  acid  t«  be  exceedingly  variable  in  the 
different  varieties  of  this  fruit.  In  fact,  it  was  found  to  be  variable 
in  different  samples  of  the  same  variety,  depending,  no  doubt,  upon 
the  ripeness  of  the  fruit. 

The  amount  of  acid  in  the  rind  varies  from  0.13  per  cent  in  tuna 
amarilla  (No.  8057)  to  0.96  per  cent  in  tuna  chavefla  (No.  8100).  In 
the  pulp  of  the  Mexican  samples  there  was  0,02  per  cent  in  tuna  agua- 
mielilla  (No.  8119)  and  0.32  per  cent  in  tuna  durasnilla  blanca  (No. 
8143), 

A  much  greater  percentage  of  acid  was  found  in  those  samples 
collected  in  the  United  States,  with  the  exception  of  the  tuna  tapona, 
from  California,  which  had  only  0.07  per  c*nt.  The  average  acid  in 
the  pulp  of  the  samples  from  San  Antonio  was  1.2  per  cent,  while 
No.  6,  from  that  place,  had  2.15  per  cent  of  acid.  The  ratio  of  acid 
to  sugar  in  these  six  samples  was  only  1  to  7.5 — enough  to  give  the 
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fniite  a  decidedly  tart  taste.  While  the  acid  ia  not  too  high  the  sugar 
is  not  in  sufBcient  quantity  to  make  the  fruits  as  desirable  as  the 
Mexican  varieties.  One  trouble  with  the  Mexican  samples  seems  to 
be  that  the  ratio  between  acids  and  sugars  is  too  great  to  give  them 
the  requisite  tartness.  For  example,  the  averse  acids  and  sugars 
of  these  samples  show  a  ratio  of  1  to  119,  while  even  such  fruits  as 
the  banana  and  fig  have  a  ratio  of  about  1  to  70  between  their  acids 
and  sugars,  and  in  some  fruits  the  ratio  is  as  low  as  1  to  5  or  6. 

It  ia  of  interest  to  note  the  laige  amount  of  acid,  3.48  per  cfent,  in 
Opuntia  imbricata,  which  is  the  only  sample  of  a  Cylindropuntia 
included  in  our  list.  This  fruit  contains  no  sugars  and  is  not  edible, 
but  was  analyzed  because  of  its  high  acid  content.  Few,  if  any, 
common  edible  fruits  contain  so  large  an  amount  of  acid.  The  acids 
in  ripe  apples  rarely  exceed  I  per  cent;  lemons  and  limes  contain 
only  about  5  per  cent  of  citric  acid  (calculated  as  sulphuric). 

The  amount  of  acid  found  in  the  tunas  has  been  expressed  in  the 
tables  as  sulphuric  acid  (HjSO,),  because  this  is  the  customary  manner 
of  expressing  such  results.  This  furnishes  a  ready  means  of  com- 
paring the  relative  amounts  of  acid  found  in  different  fruits.  The 
acid  in  several  varieties  of  the  tuna  has  been  separated  and  deter- 
mined to  he  malic  acid.  There  were  no  volatile  acids  in  any  of  the 
fresh  samples  tested. 

SUQABS. 

Polarizationa. — With  very  few  exceptions  all  fruits  and  unadul- 
terated fruit  products  are  levorotatory  toward  polarized  light,  but 
an  examination  of  Tables  I,  II,  and  IV  will  reveal  the  fact  that, 
while  some  varieties  of  the  tuna  were  levorotary,  most  of  those 
examined  were  d ex tro rotary  both  before  and  after  inversion. 
This  unusual  phenomenon  has  caused  the  writers  to  devote  some 
little  time  to  a  study  of  the  polarizations  of  the  tuna  and  some  of  the 
preserves  prepared  from  them.  While  in  all  probability  their  dex- 
trorotation is  due  to  a  large  excess  of  dextrose  over  levulose,  it  is 
impossible  to  say  definitely  that  such  is  the  case;  m  fact,  the  writers 
can  not  say  definitely  whether  the  dextrorotation  is  due  to  dextrose  or 
to  some  other  sugar  or  substance.  "Miel"  and  "melcocha,"  two 
products  from  the  tuna  that  are  prepared  by  evaporating  the  juice 
to  the  consistency  of  honey,  have  small  white  wart-like  crystals  some- 
what larger  than  a  pin  head  scattered  throughout  the  mass.  These 
crystals  are  not  so  soluble  as  the  rest  of  the  material,  and  a  50  per 
cent  solution  of  alcohol  dissolves  almost  everything  else,  leaving 
them  in  a  fairly  pure  condition.  When  these  crystals  are  separated 
they  are  decidedly  dextrorotary,  exhibit  the  phenomenon  of  biro- 
tation,  give  the  cobaltous  nitrate  test,  and  have  other  properties  in 
common  with  dextrose;  but  a  careful  separation  and  study  of  the 
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different  sugars  of  the  fruit  have  not  been  completed.  It  is  impossible 
to  say  just  what  they  are  or  in  what  proportion  they  are  to  be  found 
in  the  fruits,  but  the  writers  have  made  double  polarizations  for  each 
sample  and  from  these  data  calculated  the  sucrose  by  Clerget's  formula 
as  well  as  by  reduction. 

The  probabilities  are  that  the  sucrose  obtained  by  polarization, 
which  is  as  a  rule  more  than  that  obtained  by  copper  reduction,  is 
too  high,  the  apparently  lai^e  amount  of  sucrose  having  doubtless 
resulted  from  the  birotary  action  of  the  fruits  in  the  reading  before 
inversion,  which  property  was  destroyed  in  boiling  for  inversion. 

For  a  long  time  the  writers  were  not  aware  that  the  fruits  con- 
tained sugars  that  were  birotary,  and  this  no  doubt  explains  why 
considerable  trouble  was  experienced  in  getting  uniform  results  from 
the  same  samples,  and  even  sometimes  from  the  same  solutions.  For 
this  reason  the  writers  are  not  sure  of  the  accuracy  of  many  of  the 
polarizations  reported  in  this  bulletin.  It  is  clearly  shown,  however, 
that  most  of  the  fruits  and  their  products  are  slightly  dextrorotary.  The 
sucrose  and  total  reducing  sugars  have  both  been  carefully  deter- 
mined in  each  saniple  by  copper  reduction,  and  it  is  believed  that 
these  results  are  fairly  accurate. 

The  difficulties  resulting  from  birotation  in  the  polarizations  of  the 
fnuts  and  products  may  be  seen  in  the  results  here  given  of  two 
samples  of  miel  and  one  of  melcocha.  These  were  all  read  from  a 
one-fourth  normal  solution  which  had  been  treated  with  lead  acetate 
and  alum  cream  in  the  usual  manner. 


TlniBolBipeHnKnta. 

MlBlNo.1. 

MM  No.  2.    HelDodu. 
+3.B  1         +3.fl. 

+S.8 

Potorlutlon  Mi  or  more  boun  after  aolntlon. 

For  normal  solutions  multiply  the  above  figures  by  4. 

Each  of  these  solutions  was  read  from  time  to  tim^  and  its  dex- 
trorotation was  found  to  decrease  slowly  imtil  it  reached  the  last 
figures  given  in  the  table  in  about  six  hours,  after  which  it  under- 
went no  further  change. 

By  referring  to  Table  I  it  will  be  seen  that  the  rind  was  dextro- 
rotary before  inversion  in  every  sample,  and  after  inversion  in  all 
but  No.  8143  (durasnilla  bianca).  Another  interesting  fact  con- 
cerning the  sugars  of  the  rinds  of  the  fruit  is  that,  while  they  had 
less  reducing  sugars,  they  were  often  more  dextrorotary  than  the 
pulp  of  the  same  fruit,  but  there  was  a  greater  change  in  the  read- 
ings before  and  after  inversion  and  consequently  more  sucrose  in 
the  rind,  for  the  Mexican  varieties  at  least.  The  average  percentage 
of  sucrase  in  the  pulp  of  these  was  0,17,  while  for  the  rind  the  average 
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was  0,59.  Of  all  the  fruits  analyzed  that  were  grown  in  the  United 
States  there  was  an  average  of  0,70  per  cent  of  sucrose,  while  in  the 
Mexican  samples  there  was  an  average  of  only  0,21  per  cent. 

In  the  analysis  of  a  fruit  product  it  is  now  customary  for  the  food 
chemist  to  report  these  samples  which  are  dextrorotary  as  adul- 
terated with  glucose.  If  the  tuna  or  its  sugars  should  ever  be  added 
to  the  products  from  other  fruits  sufficiently  to  cause  them  to  be 
dextrorotary,  it  would  be  necessary  to  make  further  tests  for  glu- 
cose adulteration.  Since  in  some  localities  an  enormous  yield  of  the 
fruits  can  be  produced  to  the  acre  on  land  not  well  suited  to  other 
crops  and  in  a  cou'ntrj-  where  labor  is  cheap,  their  production  for 
the  adulteration  of  other  fruit  products  is  at  lease  an  economic 
possibility. 

The  large  amount  of  coloring  matter,  salts  of  organic  acids,  muci- 
lage, etc.,  often  makes  it  very  difficult  to  get  a  clear  solution  for  read- 
ing in  the  polariscope.  The  products  from  the  fruits  and  a  few  of 
the  fruits  themselves  had  to  be  treated  with  both  lead  acetate  and 
alum  cream  and  at  times  filtered  through  animal  charcoal  when  veri- 
highly  colored. 

An  attempt  was  made  to  remove  the  coloring  matter  with  sodium 
hydrosulphite  (Na,HiS,0(),  but  by  the  use  of  the  reagent  alone  the 
writers  found  that  they  could  not  clarifj'  sufficiently.  If,  however, 
about  one-fourth  gram  of  it  was  added  to  a  part  of  the  filtrate  from 
the  lead  acetate  and  srdiuro  sulphate,  it  was  possible  to  effectually 
complete  the  decoloration.  The  sodium  hydrosulpliite  reduced  the 
polarizations,  however,  more  than  animal  charcoal,  especially  if  the 
solution  was  allowed  to  stand  a  while  before  reading.  This  seemed 
to  indicate  that  the  large  quantity  of  sulphur  dioxid  liberated  had 
some  action  on  the  sugars.  One  sample  of  inici,  after  standing  until 
it  had  lost  its  property  of  birotation,  polarized  at  +3.1,  but  after 
treatinf;;  with  hydrosulphite  and  standing  for  three  hours  more  it-s 
polarization  was  only  +2.-3. 


Under  total  sugars  by  reduction  in  the  tables  of  analyses  all  the 
sugars  present  in  the  fruits  are  reported  as  dextrose.  As  stated  else- 
where, this  was  done  because  it  was  believed  that  nearly  all  of  the 
sugar  in  most  of  the  fruits  occurs  in  this  form,  rather  than  as  levu- 
iose  or  any  other  reducing  sugar.  Sucrose  was  not  often  found 
present,  and  the  probabilities  are  that  often  when  traces  of  it  are 
reported  it  was  in  fruits  that  were  not  thoroughly  ripe. 

It  is  customary  to  report  the  total  sugars  in  fruits  as  invert  sugar 
regardless  of  the  kind  of  sugars  present,  and  in  Table  V,  which  is  a 
compilation  of  the  analyses  of  several  fruits  from  a  number  of  sources, 
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the  total  sugars  are  all  reported  aa  invert;  but  as  the  copper  reduc- 
ing power  is  about  the  same  for  invert  sugar,  dextrose,  and  levulose, 
the  percentages  would  not  differ  materially  when  reported  in  any  of 
these  forms.  For  further  discussion  of  this  point  see  methods  of 
analysis,  page  31. 

The  percentage  of  sugar  varied  a  great  deal  for  the  different  varie- 
ties, and,  aa  was  to  be  expected,  it  varied  at  times  for  the  same 
variety,  depending,  no  doubt,  upon  the  season  and  degree  of  ripeness. 

As  previously  stated,  the  only  Cylindropuntia  analyzed  had  no 
sugar;  it  is  doubtful  whether  the  fruits  of  any  of  this  group  contain 
any  appreciable  quantity,  since  none  are  edible. 

The  samples  from  San  Antonio,  Tex.,  contained  less  sugar  than 
those  from  any  other  locality;  No.  6  had  no  sugar;  No,  3  had  only 
0.85  per  cent.  The  sample  with  the  largest  amount  of  sugar  is  No. 
8485  (tuna  amarilla).  This  fruit  had  11.70  per  cent.  The  sample 
of  this  same  variety  collected  in  1905  had  11,07  per  cent. 

The  Mexican  samples  averaged  9.53  per  cent  of  sugar.  The  San 
Antonio  samples  averaged  2.94  per  cent,  but  No,  2,  the  highest  in 
sugar  from  the  latter  place,  had  7,18  per  cent.  For  the  six  American 
varieties  in  which  the  whole  fruit  was  analyzed  the  percentage  of 
sugars  was  5.61 ;  this  it  will  be  seen  is  more  than  the  average  sugar 
in  the  pulp  of  the  San  Antonio  samples,  but  there  are  included  some 
that  should  really  be  classed  with  the  Mexican  samples,  since  they 
are  cultivated  forms  of  Mexican  origin  much  superior  to  any  received 
from  San  Antonio.  The  average  in  all  of  the  whole  fruits  of  Mexican 
samples  was  7.66  per  cent. 

While  there  was  some  sugar  in  the  rind  of  all  the  samples  analyzed, 
only  those  that  seemed  of  some  probable  value  were  examined.  The 
rind  of  tuna  cardona,  No.  8099,  and  tuna  durasnilla  (blanca  and  colo- 
rada,  Nos.  8143  and  8150)  contained  more  sugars  than  did  the  rinds 
of  any  of  the  other  varieties. 

The  products  of  this  fruit  which  were  analyzed  contained  from 
51.06  per  cent  of  sugar  in  the  tunas  pasadas  to  64.16  per  cent  in  one 
sample  of  melcocha, 

ALCOHOL   PRECIPITATE. 

Alcohol  precipitate  is  a  term  applied  to  a  group  of  bodies  that 
are  precipitated  upon  the  addition  of  95  per  cent  alcohol  to  the 
juices  of  the  fruits.  Plant  mucilage,  pectin  bodies,  and  salts  of 
organic  acids  are  among  these  bodies. 

Pectin  is  that  substance  which  causes  the  juice  to  jell  when  evapo- 
rated to  the  proper  consistency,  and  the  object  in  making  these 
determinations  was  to  estimate  if  possible  the  relative  quantity  of 
this  material  present. 

118  DigilizedbyGoO^^IC 


40  THE    TUNA    AS    FOOD    FOB    MAN. 

The  alcohol  precipitation  in  the  tuna  pulp  ia  considerably  less  than 
is  obtained  from  other  fruits  that  are  commonly  used  in  the  prepara- 
tion of  jellies;  the  average  amount  found  in  all  the  pulps  was  0.29 
J»er  cent,  while  0.67  per  cent  is  found  in  the  cherry,  which  perhaps 
contains  about  an  average  quantity  for  fruits  of  this  character. 

The  alcohol  precipitate  of  the  rind  is  three  or  four  times  that  of 
the  pulp.  In  one  sample  there  was  2.33  per  cent,  while  for  all  the 
rinds  examined  the  average  alcohol  precipitate  was  1.29  per  cent. 

Since  the  rind  contains  more  alcohol  precipitate  than  an  average 
fruit,  one  might  be  led  to  believe  that  its  juice  could  be  mode  to  jell 
very  readily,  but  such  is  not  the  case.  The  writers  have  been  unable 
to  make  jelly  from  either  the  pulp  or  rind  of  any  of  the  varieties 
tested. 

A  further  study  of  the  alcohol  precipitate  will  show  that  evidently 
only  a  very  small  amoimt  of  it,  if  any,  is  in  the  form  of  pectin.  No 
doubt  quite  a  little  of  this  precipitate  is  plant  mucil^e;  eepecially  is 
this  true  of  the  rind,  which  is  morphologically  the  modified  stem,  and 
this  portion  of  the  plant  contains  so  much  mucilage  that  its  juice  is 
very  slimy.  Yoshimura"  found  this  mucilage  to  be  composed  prin- 
cipally of.galactan.  E.  F.  Ladd^  states  that  the  mucilage  is  due  to 
pectoaic  products,  but  if  such  is  the  case  it  seems  that  cooking  should 
cause  fruits  containing  it  to  jell. 


The  amount  of  ash  in  the  alcohol  precipitate  has  been  determined 
by  the  writers  in  the  pulp  of  eight  samples  and  in  the  rind  of  three, 
and  the  results  follow : 


Sample  No. 

Rind. 

Pulp. 

27.  <n 

Is 
ii 

26.93 

as 

«.20 

Are 

Thus  it  may  be  seen  that  about  40  per  cent  of  tlie  alcohol  precipi- 
tate from  the  juice  of  the  rind,  and  about  one-fourth  of  that  from  the 
pulp,  is  ash. 

The  amount  and  character  of  this  precipitate  show  that  something 
else  is  precipitated  in  abundance  by  the  alcohol,  together  with  the 

oYoshiniura,  K.     Note  on  the  Chemirail  Compoeition  of  Some  MucUaget.    Bui., 
College  of  ARiiculturp,  Tokyo,  Japan,  vol.  2,  No.  4,  pp.  207,  208. 
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mucilage  and  pectin  bodies,  if  there  be  any  at  all  of  the  latter. 
Neither  of  these  bodies  (pectin  and  mucilage)  would  contain  so  much 
ash;  besides,  the  precipitate  formed  would  be  flocculent  in  character, 
whereas  in  the  precipitate  from  both  the  rind  and  pulp  there  was  a 
decided  turbidity,  which  would  indicate  the  precipitation  of  salts 
of  Clonic  acids,  with  possibly  some  dextrose. 

The  ashes  from  the  alcohol  precipitate  are  the  basic  constituents 
of  organic  salts  of  calcium,  magnesium,  and  potassium,  and  the  targe 
amount  of  these  ashes  shows  that  the  precipitate  is  largely  com- 
posed of  organic  salts. 

STARCH. 

The  iodine  test  on  the  ripe  fruits  failed  to  reveal  the  presence  of 
starch  in  any  of  them. 

ASH. 

The  examination  of  the  ash  of  the  cactus  fruit  has  consisted 
principally  in  a  determination  of  the  amount  in  the  soluble  solids. 
Since  nearly  all  the  solids  are  soluble,  the  soluble  ash  is  almost 
equivalent  to  the  total  ash.  This  is  seen  in  the  few  analyses  of  total 
ash  recorded  in  the  tables.  The  average  soluble  ash  in  the  pulp  is 
0.29  per  cent,  which  is  about  the  same  amount  found  in  apples,  pears, 
or  watermelons,  and  less  than  is  found  in  the  citrus  fruits. 

As  with  other  plants,  the  seed  of  this  fruit  is  quite  low  in  ash,  it 
being  in  No.  8022,  for  example,  only  0.28  per  cent  of  the  whole  fruit, 
which  is  about  the  same  as  is  found  in  the  fresh  pulp. 

The  amount  of  ash  in  the  different  parts  of  the  fruit  in  Nos.  8037 
and  8038  is  tabulated  below: 


PirtoKtult. 

No.8(B7.|No.«)M. 

106'         1  W 

Pulp  and  weJ. ^ 

it  1    1 

It  will  be  seen  that  the  ash  in  the  pulp  and  seed  taken  together 
is  about  the  same  as  the  average  of  the  pulp  alone  of  all  the  fruits — 
0.29  per  cent. 

The  character  of  the  ash  is  decidedly  alkaline.  Doctor  Bigelow  " 
has  found  this  to  be  true  with  the  ash  of  fruits  generally.  The  alka- 
linity of  the  ash  of  the  pulp  calculated  to  potassium  carbonate 
amoimts  to  55  per  cent  of  the  total  ash.  The  alkalinity  of  the  ash  of 
the  rind  calculated  in  a  similar  manner  amounts  to  41.18  per  cent, 
while  for  the  whole  fruit  48  per  cent  of  the  ash  is  potassium  carbonate. 


o  U.  S.  Dept.  Agr.,  Bureau  oi  Chemistry,  Bui.  ft 
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Very  little  can  be  said  in  regard  to  the  plant  food  removed  from  the 
soil  by  the  tunas  until  the  yield  per  acre  can  be  determined.  The 
amount  of  total  ash  removed  by  the  fruits  is  very  small  compared 
to  the  amount  removed  by  the  stems,  which  in  one  instance  amounted 
to  .33  per  c«nt  of  the  dried  plant."  Most  of  this  ash  was  found  to  he 
composed  of  lime  and  potash  salts,  which  are  in  abundance  in  most 
semiarid  soils,  and  if  so  large  an  amount  of  these  salts  is  necessary 
for  securing  the  best  results  with  this  plant  it  will  probably  never 
suffer  for  the  lack  of  them  in  the  Southwest. 

It  will  be  interesting  to  determine  whether  specimens  of  this  plant 
that  have  grown  for  years  in  Florida  and  other  parts  of  the  world 
where  there  is  not  such  an  abundance  of  soluble  salts  in  the  soil  con- 
tinue to  have  their  high  ash  content.  Such  is  not  the  case  with  many 
other  plants,  and  it  is  doubted  whether  the  cacti  grown  in  regions  of 
abundance  of  rainfall  will  be  found  to  contain  so  much  ash. 

The  ash  is  also  characterized  by  a  very  low  content  of  phosphoric 
acid.  An  analysis  of  the  ash  from  28  samples  of  cactus  averaged 
only  1.39  per  cent  of  P0<,  while  other  plants  seldom  have  less  than  4 
per  cent. 

THE  SPECIES  Am>  TABZEXIES  OF  TWAS  STUDIED. 

TUNA    AMABILLA    (yELLOW   TUNa). 

{Nog.  8057  and 84S5.) 

A  tall  open-branching  spei^ies  10  to  15  f<>et  high,  with  a  black  scaly  trunk  8  to  12 
inches  in  diameter;  joinla  narrowly  oval,  about  7  to  8  by  J5  int-hes,  but,  of  course, 
variable,  bright  light  green;  spicules  yellow,  not  prominent  on  joints;  spines  numer- 
ous, white,  turning  to  a  chalky,  mottled,  dirty  gray,  flattenpd  triangular  and  a  lit- 
tle twisted,  about  1  inch  long,  3  to  15  in  number;  flower  orange,  with  considerable 
red  in  outer  segmenCs.  giving  it  a  red  appearance  when  closed,  stylo  and  filaments 
containing  a  tinge  uf  red  and  stigma  light  green;  fruit  large,  oval  to  obovate,  2\  by  3J 
inches,  usually  somewhat  roi^h,  tuberculate,  with  greenish  rind,  becoming  reddish 
yellowimcompletematurity,  and  yellow  pulp;  formidably  protected  by  large  bunches 
of  yellow  spicules  one-eighth  inch  long. 

Tuna  amarilla  (Opuntia  sp.)  is  a  cultivated  fruit  highly  prized  by 
the  Mexican  people.  In  addition  to  the  above  description,  it  may 
be  stated  that  very  often  the  fruit  presents  a  tinge  of  deep  dull  red 
before  being  cut  open,  but  usually  yellow  "predominates  and  is  deci- 
dedly apparent  when  the  fruit  is  opened.  The  red  coloration  is  due 
to  streaks  of  red  which  run  through  the  rind  coincident  with  the  vas- 
cular bundles. 

Among  all  the  samples  of  tunas  included  in  our  list  there  is  none 


a  See  Bulletin  No.  60  of  the  Agricultural  Experiment  Station  of  New  Mexico, 
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superior  in  size  and  flavor  to  this  one.  Of  the  earlier  samples,  4| 
would  weigh  1  pound,  but  of  the  last  it  required  only  23  to  weigh  a 
pound.  No.  8485,  being  the  larger  of  the  two  samples,  had,  as  was 
to  be  expected,  less  waste  material  than  No.  8057,  the  smaller  one. 
Especially  was  this  the  case  when  the  rind  was  included  in  the  refuse. 
There  seems  to  be  little  or  no  difference  between  the  two  samples 
other  than  in  size;  and  a  comparison  of  the  analysis  of  the  edible 
portion  of  the  two  will  show  them  to  be  very  similar  in  composi- 
tion, although  No.  8485  was  considerably  more  mature  than  No.  8057. 
The  lai^e  amount  of  total  solids,  soluble  solids,  and  total  sugar, 
together  with  the  high  specific  gravity  of  the  juice,  indicates  that 
this  fruit  has  no  superior  among  the  samples  included  in  this  study 
so  far  as  its  chemical  composition  goes.  There  are  few  of  our  highly 
prized  American  fruits  that  will  make  a  better  showing  in  this 
respect,  as  may  be  seen  from  Table  II. 

Both  samples  were  found  to  contain  over  11  per  cent  of  total 
sugars  calculated  to  dextrose.  The  results  showed  the  presence 
of  very  little,  if  any,  sucrose.  This  was  one  of  the  few  species  that 
were  levorotary  after  inversion.  In  fact,  the  1906  sample  was 
levorotary  to  the  same  degree  both  before  and  after  inversion. 

The  rind  of  this  variety  is  not  palatable  in  the  fresh  state,  and 
its  analysis  given  in  Table  I  shows  that  it  contains  comparatively 
little  sugars  (4.09  per  cent).  Its  total  solids  is  high.  The  refuse 
material  is  not  so  very  large  compared  with  that  of  some  of  the 
other  varieties,  even  when  the  rind  is  rejected.  A  comparison  of 
the  whole  fruit  (rind  plus  pulp)  is  given  in  Table  III.  Since  the  rind 
has  less  nutrients  than  the  pulp,  the  whole  fruit  will,  of  course,  have 
less  than  the  pulp  alone. 

While  the  rind  of  this  variety  is  not  eaten  fresh,  it  is  one  of  the 
varieties  used  in  the  preparation  of  tunas  pasadas  (dry  tunas), 
which  are  always  dried  with  the  rind  left  on  and  subsequently  eaten 
in  this  form.  For  this  reason  separate  analyses  have  been  made  of 
the  rind  and  pulp.  While  the  fresh  rind  has  only  4  per  cent  of 
sugar,  this  is  greatly  increased  in  the  dried  rind  on  account  of  the 
largo  amount  of  water  lost  in  drying,  and  the  tunas  pasadas  make 
a  very  suitable  product  for  use  in  cooking  in  a  manner  somewhat 
similar  to  our  dried  fruits.  A  large  part  of  the  sugar  from  the  pulp 
collects  on  the  surface  of  the  rind  when  dried,  and  this  no  doubt 
helps  to  make  it  palatable.  The  fruits  of  this  variety  when  dried 
have  over  50  per  cent  of  sugar  in  the  whole  fruits. 

No.  8057  was  collected  at  San  Luis  Potosi,  Mexico,  August  12,  1905. 

No.  8485  was  collected  at  Aguascalientes,  Mexico,  September  10, 
1906. 
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TUNA    NABANJADA  (oRANGE). 

{No.  8141.) 

The  tuna  naranjada  {Opantia  ap.)  and  the  tuna  amarilla  are  really 
very  closely  related,  but  the  differences,  although  slight  from  a  taxo- 
nomic  point  of  view,  are  very  constant.  The  plants,  so  far  as  the 
writers  can  see,  are  very  much  alike  in  every  way,  the  main  difference 
occurring  in  the  color  of  the  fruit,  the  pulp  of  this  one  being,  as  the 
Mexican  name  indicates,  orange  instead  of  yellow.  The  fruit  in  both 
the  amarilla  and  the  naranjada  is  very  likely  to  have  its  pyriform 
character  accentuated,  when  the  lower  portion  is  flabby  and  does 
not  contain  pulp.  Very  often  this  basal  portion  has  a  tendency 
to  simulate  some  of  the  characters  of  the  joint.  Externally  this 
variety  is  darker  colored  than  the  amarilla.  Associated  with  the 
difference  in  color  of  the  fruit  is  often  to  be  found  a  similar  difference 
in  color  of  other  parts  of  the  plant.  While  size,  shape,  and  color  of 
joints  are  the  same  in  the  two  forms,  the  spicules  are  somewhat 
darker  in  the  naranjada,  and  the  same  holds  true  of  the  flowers. 

The  fruit  is  of  very  fine  flavor,  somewhat  above  the  average  in 
size,  and  has  a  thin  rind.  The  rind  is  only  about  one-eighth  to  three- 
sixteenths  inch  thick  and  constitutes  only  32.43  per  cent  of  the  fruit. 
This  is  one  of  the  fruits  in  which  it  was  found  difHcult  to  separate 
the  seed  completely  from  its  pulp  by  our  method  of  forcing  the 
fruit  through  muslin,  and  as  a  result  the  total  solids  are  somewhat 
higher  and  the  percentage  of  seed  a  trifle  lower  than  is  shown  by 
the  analysis.  This  fruit  contains  less  seed  than  the  majority  of  the 
other  species.  In  a  number  of  these  undeveloped  fruits  sterile  seeds 
occur,  which  suggests  a  possible  gradual  disappearance  of  the  seeds 
through  cultivation  and  selection. 

There  is  62.57  per  cent  of  edible  portion  in  this  fruit,  which  ia 
more  than  was  found  in  any  of  the  other  tunas  analyzed.  While, 
for  reasons  previously  stated,  the  solids  reported  in  the  tables  may 
be  slightly  low,  tuna  cardona  and  tuna  amarilla  are  the  only  fruits 
analyzed  that  had  more  solids.  The  cardona  had  13.7  per  cent  of 
solids,  the  amarilla  13.56  per  cent,  and  the  naranjada  12.92  per  cent. 
The  polarization  readings  on  the  fruit  were  +2.1  both  before  and 
after  inversion,  and  the  total  reducing  sugars  were  9.12  per  cent. 

Collected  at  Zacatecas,  Mexico,  September  20,  1905. 

TUNA    CAMUF,.SA   (PIPPlN,  APPLE). 

(No.  S/40.1 

A  tall  open-branching  plant  8  lo  12  or  15  feet  high,  with  a  black,  bare,  scaly  trunk 
8  to  12  inches  in  diameter;  joints  obovatc  to  ovate,  very  large,  in.  proportion  of  8  by  14 
inches  in  last  year's  growth,  bright  dark  green,  areoles  obovatc  for  the  moet  part;  spic- 
ules yellow  and  commonly  formidable  even  on  the  joints;  spines  usually  infrequent 
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and  often  abeent  entirely,  but  Bometimes  1  to  3  in  number,  never  very  promineDt, 
white,  with  translucent,  bone-like  tips;  fruit  large,  obovste,  often  2]  by  3)  inchee, 
duJl  red,  with  comparatively  thin  rind,  which  is  greenish  red  or  streaked  and  mottled; 
pulp  red  and  easily  separable  from  the  seed. 

The  tuna  caiutiesa,  Opuntia  larreyi  Weber(^),''  is  one  of  the  finest 
of  the  cultivated  Mexican  varieties  and  belongs  in  the  Opuntia  Jicus- 
indica  group.  When  the  rind  is  removed,  leaving  the  pulp  intact, 
the  latter  has  a  distinct  orange  cast.  When  broken  open,  it  is  mot- 
tled yellow  and  red,  but  becomes  deeper  red  with  full  maturity.  It 
is  one  of  the  most  palatable  of  these  fruits  and  haa  comparatively 
few  seeds,  which,  of  course,  is  a  decided  advantage.  Oftentimes 
one-half  or  two-thirds  of  the  seeds  will  be  found  aborted.  This 
has  been  found  to  be  the  case  in  specimens  collected  at  Los  Campos, 
Aguascalientes,  Ben  Luis  Potosi,  and  Zacatecas. 

The  fruits  averaged  163.84  grama  each  and  were  the  largest  of  all 
the  samples  except  those  of  tapona  from  Riverside,  Cal.,  which 
weighed  210.6  grams,  and  the  1906  sample  of  amarilla,  which  weighed 
164  grams,  or  practically  the  same  as  the  weight  of  this  fruit.  These 
have  much  fewer  seeds  than  any  of  the  other  fruits  and  a  compara- 
tively thin  rind,  which  with  the  seeds  makes  a  total  waste  of  43.94 
per  cent.  There  is  11.9  per  cent  of  total  solids  in  the  edible  pulp, 
nearly  all  of  which  is  soluble.  .  Acid  is  present  in  verj-  small  amount, 
0.031  per  cent.  The  juice  is  levorotarj'  to  the  same  degree  both 
before  and  after  inversion,  indicating  an  excess  of  levulose  and  no 
sucrose.     The  total  sugars  as  dextrose  amount  to  11.05  per  cent. 

Collected  at  Zacatecas,  Mexico,  September  19,  1905. 

TUNA    MANSA    MOKADA    (MULBERRY   COLORED). 

{So.  so.i;i.i 

A  large  open-brnnching  tree  with  huge  joints,  in  age  oflen  11  by  19  inrhes,  and 
this  jear's  growth  10  by  14  inches,  obovate,  bright  dark  green;  xpicules  brown,  hut 
not  prominent  upon  the  jiiinU;  spin<t"  white,  flaltened,  turning  to  a  mottled,  dirty 
gray,  slightly  iwiatod,  with  opaleacent  points,  one-fourth  to  three-fourths  inch  long, 
2  tn  3  in  number,  but  increasing  to  12  or  more  at  times  upon  old  trunks;  erect,  fipread- 
ing,  with  1  or  2  lower  ones  recurved;  Iruit  oblong-obovate,  usually  slightly  tuber- 
culale,  with  I'imilar  areoles  one-eighth  inch  or  lesfl  in  diameter,  bearing  formidable 
brown  glochidsone-eigblhinch  long,dnll  red  exteriorly;  rind  reddish  yellow,  turning 
to  completely  red  at  malurity;  pulp  blood-red,  slightly  mottled  until  dead  ripe  and 
dinging  tightly  to  the  seed,  from  which  it  is  difficult  to  separate  it. 

The  tuna  mansa  morada  {Opuntia  sp.)  is  one  of  the  popular  tunas 
of  Mexico  and  one  which  has  not  been  met  with  in  the  open  country. 
For  some  reason  it  is  not  extensively  grown,  there  being  onlj  a  few 
plants  in  scattered  orchards.     It  is  finely  flavored  and  of  good  size. 

This  sample  was  analyzed  August  14,  1905,  seven  days  after  its 
coUection.     It  was  in  good  condition.     The  average  weight  of  the 

o  Contrib.  U.  S.  Kat.  Uerb.,  3:  423,  1906.  ^  -  i 
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fmit  was  66.5  grams,  which  ia  somewhat  below  the  average  weight 
of  the  Mexican  varieties  but  much  heavier  than  those  of  the  United 
States.  It  was  one  of  the  first  analyzed  after  this  work  was  under- 
taken. At  that  time  the  significance  of  the  method  of  preparrog  the 
fresh  fruit  to  be  eaten  was  not  fully  appreciated.  For  this  reason  in 
this  sample,  as  well  as  in  Nos.  8037  and  8038,  only  the  pulp,  with  that 
portion  of  the  rind  which  would  naturally  remain  after  peeling  the 
fruits  as  one  would  an  apple,  was  analyzed.  Nearly  all  of  the  best 
varieties  discussed  in  this  bulletin  have  had  the  pulp  analyzed  sepa- 
rately, and  it  is  unfortunate  that  this  fruit  was  not  treated  in  a 
similar  manner.  However,  it  may  be  seen  from  an  examination  of 
the  composition  of  the  whole  fruit,  with  epidermis  and  seed  rejected, 
that  it  compares  favorably  with  the  best  of  those  varieties  that  are 
reported  in  a  similar  manner  in  Table  IV, 

Since,  as  a  rule,  the  pulp  alone  contains  a  greater  percentage  of 
nutrients  than  the  whole  fruit,  it  is  likely  that  the  pulp  of  this  sample 
would  have  been  about  equal  in  value  to  that  of  the  tuna  cardona. 
The  waste  in  this  sample  amounts  to  21.83  per  cent.  If  all  the  rind 
had  been  rejected,  the  waste  would  have  been  46,75  per  cent,  about 
the  same  as  in  cardona.  The  total  solids  amount  to  11.62  per  cent, 
all  but  1.22  per  cent  of  which  are  soluble  in  water.  The  total  solids 
of  the  juice  calculated  from  its  specific  gravity  amount  to  9.38  per 
cent.  The  acidity  of  the  juice  is  only  0.047  per  cent,  or  less  than  the 
average  of  the  pulp  alone  of  all  the  fruits,  which  is  0.08  per  cent. 
The  average  acidity  for  the  whole  fruits  of  all  the  Mexican  varieties 
is  0.247  per  cent.  The  sugars  by  reduction  are  somewhat  less  than 
one  would  expect  from  the  soluble  solids  and  high  specific  gravitj'.  It 
is  likely  that  the  results  for  sugar,  7,82  per  cent,  are  slightly  low, 
although  they  would  naturally  be  somewhat  low  because  of  the 
presence  of  the  rind. 

By  peeling  a  quantity  of  these  fruits  and  exposing  them  to  the  sun 
until  air  dry,  the  total  dry  matter  was  found  to  be  17.43  per  cent, 
If  the  4.65  per  cent  of  seed  be  taken  from  this,  there  is  12.78  per  cent 
of  edible  dry  matter  left,  which,  considering  the  small  amount  of 
water  left  in  the  air-drv'  sample,  checks  with  the  total  solids  (11.62 
per  cent)  fairly  well. 

Collected  at  San  Luis  Potosi,  Mexico,  August  7,  IflOS,  the  sample 
consisting  of  lO  fruits  from  4  plants. 

TUNA  TECA,   TUNA  BLANCA  TECA,  TirNA  MKXICANA,  TUNA  AMERICANA. 


The  tuna  teca  variety  {Opuntui  sp.)  is  known  in  the  vicinity  of  San 
IjUis  Potosi  by  all  of  the  appellations  mentioned  above,  and  it  may  be 
the  same  as  fonns  wliich  are  dis<:usse<l  subsequently  under  other 
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names.  The  distinguiabing  charscteristic  of  the  fruit  is  that  it  is 
greenish  white  when  mature.  On  the  whole,  it  resembles  very  much 
the  "mission  f>ear"  of  the  southwestern  United  States.  It  ia  very 
variable  in  spine  characters,  but  this  particular  specimen  had  spines 
2  to  5  in  niunber  on  last  year's  joints,  but  increaaing  very  much  with 
age.  The  spicules  are  light  reddish  brown,  seldom  prominent  upon 
the  joints.  The  fruit  is  ovate-obovate,  about  IJ  to  2^  inches,  yel- 
lowish green  throughout;  or,  possibly,  greenish  white  would  apply 
bett«r  to  the  pulp.  The  seeds  are  apparently  few  and  cling  closely  to 
the  pulp. 

This  is  a  highly  prized  variety  with  fine  flavor,  good  appearance, 
good  size,  and  reasonably  thin  rind.  It  is  one  of  the  varieties  that 
one  will  always  find  upon  the  market  places  in  season. 

An  examination  of  the  table  will  show  the  similarity  in  composition 
between  this  and  the  following  numbers.  In  size  No.  8050  is  about  a 
mean  of  that  of  the  other  two  samples  (Nos.  8146  and  8547).  The 
waste  amounts  to  48.1  per  cent,  which  is  about  the  same  as  that  of  the 
other  two.  Tliey  are  all  characterized  by  high  total  and  soluble  solids 
but  a  slightly  low  sugar  content.  The  total  solids  for  the  three 
amount  to  about  1 1  per  cent,  and  the  sugar  from  8  to  9  per  cent.  It 
is  easy  to  tell  by  tasting  them  that  they  are  not  aa  sweet  as  tuna 
amarilla,  for  example,  but  they  have  a  very  excellent  flavor,  which 
with  their  lai^  size  and  thin  rind  makes  them  desirable  fruits. 

Collected  at  San  Luis  Potosi,  Mexico,  .\ugust  9,  1905. 

TUNA    BLANCA    (WHrPB). 

(.Vo».  S146andg547.) 

The  tuna  blanca  (OpuntUi  sp.)  may  be  the  same  as  No.  8050.  The 
people  of  Zacatecaa  do  not  know  the  name  tuna  teca  at  all.  This 
particulnr  specimen  is  spiny  like  our  "mission  pear,"  but  some  plants 
are  to  be  found  which  are  almost  destitute  of  spines  or  spicules;  how- 
ever, this  character  is  not  constant  at  all,  even  in  the  same  plant. 
This  tuna  selb  on  the  markets  of  Zacatecas  for  about  the  same  pric«  as 
camuesa;  indeed,  all  of  the  laige  cultivated  forms  sell  for  about  the 
same  amount  of  money. 

Both  of  these  samples  have  been  referred  to  in  the  discussion  of 
tuna  teca  (No.  8050),  which  they  very  much  resemble  in  both  appear- 
ance and  compoaitioii.  This  is  one  of  the  large  cultivated  fruits  and 
has  a  good  percentage  of  edible  pulp,  the  seeds  of  which  are  often 
undeveloped  and  not  so  abundant  as  they  are  in  many  varieties.  No, 
8146  weighed  76.3  grams  and  No.  8547  weighed  123.75  grams.  The 
total  solida  in  the  first  amounted  to  10.81  per  cent  and  in  the  second 
to  12.36  per  cent.  Both  fruits  were  slightly  dextrorotary  and  con- 
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tained  a  fraction  of  1  per  cent  of  sucrose.    There  were  8,29  per  cent  of 
total  sugars  in  the  first  and  8.99  per  cent  in  the  last  sample. 

No.  8146  was  collected  at  Zacatecas,  Mexico,  September  21,  1905. 

No.  8647  was  collected  at  Zacfttecas,  Mexico,  September  19,  1906, 

TUNA    KANCHEHA  (ItANCU). 

(A'o.  tll).S7.) 

A  toll,  open-bran<'hiDg  tret'  8  U<  10  or  1'2  fi«t  high,  with  black  woaly  trunk  8  inrhee, 
or  often  a  fool,  in  diameter;  joints  o\'ftte  obovate,  with  often  a  tendency  to  he  pointed 
at  both  cuds,  althoi^h  the  prevailing  form  ie  oliovate,  in  proportion  of  9  by  15  inches, 
which  i»  a  common  size,  rather  l^ht  green;  npicules  yellow,  infrequent  upon  the 
joints;  spinee  short,  ont'-luilf  to  five-eighthe  inch  long,  eritt,  spreading,  2  to  3  or  4  on 
young  joints,  bill  increasing  to  10  on  3-ycar  old  anew,  at  this  agi'  turning  Ui  a  dirty  gray 
and  apparently  dropping  off,  divci^ent  or  a  fen  recurved  upon  the  edges  of  the  joinU; 
fruit  large,  Ij  by  2i  inches,  oval  to  obovate,  with  large  circular  areoles  1}  inches  in 
diameter,  bearing  yuUow,  formidable  fipicules  and  hair-like  fugacious  Bpines,  very 
dull,  deep  red,  with  some  gn-eii  ext<-riorly  even  when  mature;  rind  greenish  or  moltlcd 
yellow  un<!  red;  pulp,  when  rind  is  removed,  presenting  light  orangf;  yellow  appew^ 
auce,  but  mottled  when  cut  open,  tile  red  color  being  situated  mainly  around  theseed. 

The  tuna  ranchera  (OpunHa  sp.)  is  a  valuable  cultivated  variety 
which  has  a  wide  range  in  spine  characters,  some  fori!  s  being  nearly 
spineless.  The  fruit  compares  favorably  in  flavor  with  the  other 
lai^c  mansa  forms,  such  as  amanlla,  but  the  tunaa  are  somewhat 
smaller.  Although  destTibed  as  mottled,  there  is  usually  not  enough 
coloring  matter  in  either  pulp  or  rind  for  sHcea  of  them  to  stain  paper 
when  the}'  are  laid  upon  it.  The  species  should  be  classed  with 
Opun  tin  Jicus-indica . 

Tuna  ranchera  is  one  of  the  few  good  fruits  of  which,  unfortunately, 
we  have  no  separate  analysis  of  the  pulp,  both  this  and  the  rind  having 
betm  included  in  one  sample.  The  analj"ais  given  in  Table  TV'  will 
show  this  to  be  one  of  the  best  fniits  so  far  as  total  solids  and  sugar 
content  are  concerned.  It  is  about  the  same  size  (57.3  grams)  as 
the  cardona,  and  the  composition  of  the  edible  portion  when  rind  is 
included  is  alao  about  equal  to  that  of  this  fruit  when  it  is  prepared 
and  analyzed  in  a  similar  manner.  It  was  more  dexfrorotarj'  than 
any  sample  included  in  our  list,  being  +3.7  both  before  and  after 
inversion.  There  was  only  0.07  per  cent  of  acid  in  tliis  sample,  which 
is  quite  low  for  any  of  the  tunas  where  the  rind  is  included  with  the 
pulp.  A  determination  of  the  ash  content  of  the  different  parts  of 
the  fruit  shows  1.06  per  cent  of  ash  in  the  rind,  0.21  per  cent  in  the 
pulp,  and  0.74  per  cent  in  the  whole  fruit. 

The  fact  that  there  was  S5.()S  per  cent  of  edible  portion  simply 
shows  that  the  fniit  was  peeled  bj'  removing  only  a  verj'  small  part 
of  the  rind. 

Collected  at  San  Luis  Potosi,  Mexico,  August  7,  1905. 
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T0NA  TAPONA"   (CX>RK  OR  PLUG*). 

{No.  8066a.) 

When  well  developed,  the  tuna  tapona  (OpurUia  robuaia  Wendl.; 
Cat.  Herrenh.,  1835)  is  one  of  the  most  attractive  of  the  native  Mexi- 
can tunas.  It  is  ahnost  globular,  more  or  less  tuberculate,  and  hlood 
red  when  ripe.  It  thrives  nicely  at  Riverside,  Cal.  Like  many  other 
species,  the  pulp  becomes  edible  while  the  rind,  which  is  red  when 
mature,  is  still  perfectly  green.  In  the  early  part  of  the  season  the 
fruit  upon  the  market  is,  therefore,  largely  green,  while  later  it  is  blood 
red.  Maturing  as  it  does  very  early,  a  great  deal'of  the  fruit  is 
destroyed  by  birds,  which  eat  it  as  soon  as  the  pulp  b^ns  to  turn  red. 

Although  large  and  attractive  in  appearance,  this  is  not  considered 
a  very  good  species  of  tuna,  mainly  on  account  of  the  deleterious 
effects  which  the  Mexicans  believe  it  exerts  on  digestion.  It  is  said 
that  it  has  a  tendency  to  produce  constipation  and  that  death  some- 
times results  from  its  use.     However,  it  is  extensively  eaten. 

Collected  at  Ypina,  Mexico,  August  IS,  1905. 

{No-  806Sb.) 

S[>ecimens  No.  8065b  (Opuntia  robusta  Wendl.  (?))  and  No. 
8065a  are  closely  related,  but  there  are  constant  differences  which 
prevent  our  placing  them  together.  No.  8065b  is  a  lai^ger  plant 
throughout,  and  this  is  the  main  difference,  although  there  are  other 
minor  points  of  distinction  which' when  once  seen  are  easily  recog- 
nized. This  one  has  joints  which  are  larger,  more  nearly  circular, 
and  not  so  thick  and  plump  as  the  common  tapona  of  the  San  Luis 
Potosi  region.  The  fruits  in  this  variety  are  also  larger,  but  other- 
wise the  same,  and  the  same  distinctions  are  true  regarding  the 
flowers.  Both  forms  grow  fairly  well  at  Riverside,  Cal.,  but  the 
writers  have  never  seen  this  variety  growing  native  like  the  other. 
There  are  nearly  spineless  forms  of  both  varieties. 

Because  of  its  very  large  size  and  the  fact  that  it  was  one  of  the  very 
few  fruits  grown  in  the  United  States  which  were  analyzed  that 
appeared  to  be  of  much  value,  it  is  to  be  regretted  that  a  more  com- 
plete analysis  of  it  was  not  made.  A  complete  analysis  of  No.  8065a 
was  made,  however,  and  probably  the  greatest  difference  between 
these  two  samples  is  in  size.  The  waste  is  less  in  this  one.  The 
sohds,  determined  from  the  specific  gravity  of  the  juice,  are  just  about 
the  same,  but  there  is  a  great  difference  in  the  acidity.  No.  S065a 
contained  0.21  per  cent  of  acid,  while  this  one  had  only  0.07  per  cent, 

»  For  deecriptioD  of  the  plant,  stn^  Bulletin  60  of  the  Agricultiual  Eicperinient 
Station  of  New  Mexira,  1896,  p.  69. 

*  Referring  to  its  action  on  the  bowels.  ^-^  i 
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This  is  doubtless  accounted  for,  in  part  at  least,  by  the  fact  that  the 
Cahfomia  sample  was  more  mature. 

These  fruits  are  the  largest  analyzed,  being  three  times  the  size  of 
those  of  the  tuna  tapona  from  the  State  of  San  Luis  Potosi,  Mexico. 

Forwarded  from'the  A.  S.  White  Park,  Riverside,  Cal.,  in  August, 
1905.  ■ 

TUNA    i 


(Not.  aosi  and Si)99.) 

The  tuna  cardona  iOjmntui  streptacaniha  Lem.")  {see  PI.  I)  is 
without  doubt  the  most  highly  prized  of  all  the  Mexican  tunas.  It  is 
smaller  than  the  cultivated  varieties,  but  is  very  palatable,  and  the 
Mexicans  say  it  may  be  eaten  in  quantity  without  any  deleterious 
effects.  The  whole  fruit  is  purplish  red  throughout,  with  a  pulp  of 
much  deeper  color  than  the  remainder,  and  the  e])idermia  showing 
considerable  scaly  wax  covering  when  fully  ripe.  In  shape  it  is  oval 
to  subglobose,  about  li  to  1|  inches  in  longest  diameter.  The  fruit 
resemblea  very  closely  tlie  tuna  cochinera  and  the  tuna  artona.  It 
is  rather  doubtful  whether  it  is  specifically  distinct  from  the  latter, 
but  it  is  certainly  distinct  from  the  former. 

Many  of  the  cultivated  species  produce  larger  tunas  and  ones 
which  are  just  as  palatable,  if  not  more  so;  but  the  cardona  has  sev- 
eral advantages  over  the  others.  It  ia  abundant,  cheap,  a  native 
species,  veiy  palatable,  and  with  no  deleterious  qualities  such  as  the 
tapona  and  some  of  the  othfera  are,  said  to  possess.  Frequently  it  is 
planted,  but  not  usually,  in  protected  orchards,  for  it  is  sufficiently 
spiny  to  need  no  protection.  Cuttings  are  commonly  planted  in  the 
open  country,  in  order  to  extend  the  native  thickets.  It  is  espe- 
cially abundant  upon  the  markets  of  San  Luis  Potosi,  AguascaH- 
ent«s,  and  Zacatecas,  where  one  may  often  find  piles  containing  30 
to  40  bushels  brought  in  from  the  surrounding  hills  and  deserts. 

In  view  of  tlie  fact  that  this  is  tlie  most  abundant,  widely  dis- 
tributed, and  most  universally  used  of  all  the  Mexican  species 
considerable  time  has  been  devoted  to  a  study  of  the  composition  of 
both  the  pulp  and  rind,  and  an  analysis  of  both  of  these  parts  will  be 
found  in  Tables  I  and  II,  respectively,  while  in  Table  IV  an  analysis 
of  the  fruit  without  the  seed  and  epidermis  is  also  given.  In  order 
to  determine  the  effect  of  storage  on  the  composition,  analyses  of 
samples  at  three  different  periods  of  storage  have  also  been  made, 
both  in  1905  and  1906.  The  first  analysis  given  in  the  table  is  that 
of  the  freAh  fruit  inmiediately  after  its  receipt  in  the  laboratory;  the 
second  that  of  fruit  selected  from  the  same  lot  as  the  first  after 

"Cact.  Gen.  ct  Sp.  Nov.,  62,  1839.  Sec  Bulletin  60  ot  tho  Agricultural  Experi- 
ment Station  of  New  Mexico,  1906,  p.  G5. 
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stAiiding  ten  days,  while  the  ttiird  i»  the  analysis  of  fruits  that  had 
been  stored,  as  packed  for  shipment,  for  twenty  days. 

The  tuna  cardona  ts  at  least  equal  in  nutritive  value  to  any  of  the 
tunas,  although  considerably  below  the  averse  in  size  and  not  quite 
as  highly  flavored  aa  the  amarilla,  the  naranjada,  or  the  camuesa. 

Sample  No.  8051  waa  smaller  and  had  more  rind  and  seed  than 
the  other  two  samples.  It  had  only  34.8  per  cent  of  edible  pulp, 
11.47  per  cent  of  solids,  and  9.76  per  cent  of  sugar  as  dextrose,  this 
being  less  than  was  found  in  the  other  samples,  doubtless  due  to  the 
fact  that  eighteen  days  elapsed  betweeji  the  collecting  of  this  and 
the  second  sample,  thus  giving  the  latter  time  to  more  fully  mature. 

No.  8009  was,  as  stated  above,  analyzed  at  tliree  different  periods 
for  both  the  years  1905  and  1906,  and  the  results  are  reported  under 
Nos.  8090,  SOQOa,  and  S099h  in  Table  II.  The  rind  was  also  ana- 
lyzed and  the  results  reported  in  Table  I.  No  marked  diiference  in 
the  composition  of  the  pulp  or  rind  of  the  fruit  when  stored  was 
noticed  beyond  what  might  be  expected  in  different  fruits  of  the 
same  variety.  One  very  noticeable  change  on  standing,  however, 
was  the  loss  in  weight  of  the  rind  and  a  corresponding  decrease  in 
the  weight  of  the  pulp.  For  the  purpose  of  showing  these  changes 
the  weights  and  percentages  of  the  fruit  and  its  rind  and  pulp  for 
the  different  periods  of  storage  during  the  seasons  of  1905  and  1906 
are  given  in  Table  VI. 

of  rind  an/l  pulp  i^  the 
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Stored  lor  twenty  dayn *7  ■ 81.70   as.-lS   


The  figures  here  given  would  seem  to  indicate  that  the  water  in  the 
fruit  pa.ssea  from  the  pulp  into  the  rind,  but  if  such  is  the  case  this 
movement  takes  place  without  any  material  change  in  the  compo- 
sition of  either  pulp  or  rind  that  could  be  detected  in  the  analysis. 

The  amount  of  acid  in  this  fruit  was  unusually  low  both  in  the  pulp 
and  the  rind.  In  the  pulp  of  all  the  samples  it  averaged  0.05  per 
sent,  and  in  the  rind  0,21  per  cent,  which  is  less  than  half  of  the  aver- 
age for  all  the  other  Mexican  samples. 

The  juice  of  every  sample  of  No.  8099  tested  was  dextrorotary 
before  and  after  inversion.  Sometimes  both  polariscope  and  reduc- 
tion methods  showed  a  very  small  amount  of  sucrose  in  the  pulp,  and 
still  more  in  the  rind,  which  at  times  seemed  to  have  as  much  as  1.5 
per  cent.     The  Hnd  of  none  of  the  fruits  contained  as  much  total 
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sugar  as  did  this  one,  7.2  per  cent,  which  is  almost  as  much  sugar  as 
the  pulp  of  average  temperate-zone  fruits.  The  total  sugars  as  dex- 
trose were  determined  in  seven  different  samples  of  cardona,  and  the 
average  for  these  determinations  was  10.22  per  cent. 

No,  8051  was  collected  at  Alonzo,  Mexico,  August  11, 1905. 

No.  8099  was  collected  at  Agueiscalientes,  Mexico,  August  29, 1905. 

No.  8436  was  collected  at  Aguascalientes,  Mexico,  September  4, 
1906. 

TUNA    TAtJLUTTA. 

(No.  fiOSS.) 

A  tall, open-branching  cultivated  pear  lOor  12fepthighwithablackRca)ytnmk6  to 
10  inches  in  diameter;  joints  obovate,  in  proportion  of  G{  by  12  inches,  which  is  a  com- 
mon sixe,  slightly  bluigh  green,  becoming  cracked  and  scaly  with  age;  areolea 
obovate,  about  one-sixteenth  by  one-eighth  inrh,  but  increasing  slightly  with  age; 
wool  tawny;  spiculealight  brown;  apinm  flattened,  triangular,  twisted,  some  recurved, 
others  erect  divfergent,  one-half  to  1  inch  long,  white  with  opalmcent  darker  points,  2 
to  4  in  number,  but  increasing  to  6  or  7  at  age  of  3  years,  and  increasing  slightly  even 
beyond  this,  but  becoming  abraded  from  old  trunks;  fruit  about  IJ  by  2J  incbai, 
ovate  obovate,  mottled,  and  dull  red  when  fully  matured,  rind  finally  turning  to  a 
streaked  brownish  red  and  pulp  mottled. 

The  tuna  palamita  {Opuntia  sp.)  is  formidably  protected  with  lights 
brown  spicules  one-sixteenth  inch  or  more  long  from  circular  areolcs 
about  one-half  inch  apart.  It  is  well  flavored,  but  not  promising,  on 
account  of  the  many  spicules.  The  writers  have  never  .^een  this  species 
except  in  cultivation.  The  fruit  ia  sweet  and  palatable,  and  were  it  not 
for  its  small  size  (33.1  grams)  and  large  number  of  spicules  it  would 
be  very  de.sirahle.  No  separate  analysis  was  made  of  the  pulp,  unfor- 
tunately; but  judging  from  the  analysis  of  the  whole  fruit  there  are 
few  tunas  whose  edible  portion  shows  a  superior  composition.  There 
is  12.43  per  cent  of  total  solids  in  the  whole  fruit  and  S,87  per  cent  of 
sugar. 

Collected  at  San  Luis  Potosi,  Mexico,  August  7,  1905. 

TUNA   AQUA-MIELILLA    {lIONEY    WATEK). 

(No.  8119.) 

A  tall,  open-branching  native  tree  12  to  25  feet  high  with  a  bare  scaly  black  trunk 
10  to  14  inches  in  diameter;  jiiinte  ovate  obovate,  about  8  by  12  inches,  which  is  a  com- 
mon size,  deep  dark  green,  soon  turning  to  a  gray  black;  spicules  reddish  brown,  but 
never  prominent  upon  the  joints;  spines  white,  becoming  molllod,  flattened,  twisted, 
erect,  divergent,  4  In  6,  with  lower  and  usually  two  laterals  recurved;  flowers  (only 
two  or  three  seen)  deep  orange,  with  red  in  midribs  of  outer  sf^menla,  always  causing 
them  to  look  red  when  closed;  style  bright  red,  filament^"  lighter  red,  stigma  yellow 
with  streaks  of  red  through  outside  of  the  6  or  8  divisions;  fruit  small,  subglobose  to 
obovate,  about  I J  inches  in  longest  diameter,  deep  dark  red  with  darker  pulp,  which 
is  easily  separable  from  seed,  formidably  protected  with  small  circular  areoies  con- 
taining bunches  of  reddish  brown  glochids  surrounded  by  the  blackened  ends  of  the 
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As  the  popular  name  suggests,  the  agua-mielilla  (Opuntia  sp.)  {PI. 
r\',  fig,  2)  w  a  very  sweet  and  palatable  tuna,  but  it  is  ton  small  to 
compare  favorably  with  the  cultivated  forms  and  the  belter  wild 
species,  such  as  the  cardona.  These  fruits  averaged  30,84  grams  in 
weight,  which  is  less  than  half  the  average.size  of  the  Mexican  species. 
Another  serious  objection  Ls  the  large  percentage  of  refuse  in  rejecting 
the  thick  rind,  which  amounts  to  57.72  per  cent.  The  solids  and  solu- 
ble solids  (10.98  and  10,78  per  cent,  respectively)  are  Mgh.  The  acid 
(0.024  per  cent)  is  less  than  was  found  in  any  of  the  fruits.  The 
percentage  of  proteids  (0,89  per  cent)  is  not  high  for  fruits  generally, 
but  is  mofe  than  was  found  in  the  other  samples  of  prickly  pears. 

The  total  sugars  amount  to  8.84  per  cent.  No  sucrose  was  found 
by  reduction  methods  and  only  a  very  small  trace  by  polarization,  the 
readings  being  to  the  right  before  and  after  inversion.  Because  of 
the  lai^e  quantity  of  rind  an  analysis  was  made  to  determine  the 
nutritive  value  of  this  portion.  The  results  are  recorded  in  the  table 
of  analyses  of  the  rinds  (Table  I),  and  from  these  it  may  bo  seen  to 
have  7.27  per  cent  of  solids  in  the  juice,  of  which  only  2.7fi  per  cent 
is  sugar. 

Collected  at  ]>ublan,  Mexico,  September  12,  190.^, 

TUNA    I.P.ONERA, 

(Nn.  11102.) 

A  tall,  vory  tipon-branching  troo  15  fei't  high,  largely  used  for  hedges  and  linn 
plantings.  Joints  dei'p  dark  gren,  alniul  tlitj  Batne  color  ae  Ihc  rardona,  oljovatc, 
about  5  tu  T  inches  by  8  ti>  12  inchen;  npiculin  reddish  brown,  not  formidabk^  upon 
the  joinla,  really  seldom  viaiblc  exw^pt  in  the  spinelwis  areoles  at  the  base;  spines  4 
to  7  on  lart  year'H  joints,  but  increasing  very  much  on  old  wood,  white,  turning  Ui  a 
mottled  condition  and  finally  to  dirty  black,  flattpncd,  twisted,  1  lo  2  inches  or  luoro 
long,  and  erect,  with  upper  shorter,  spreading,  and  lower  usually  recnrvcd;  flowers 
(only  two  seen)  oiango  with  greenish  filaments,  reddish  styl<',  and  light  green  stigma; 
fruit  almost  globular,  deep  dull  red,  with  pulp  darker  and  rind  ot  medium  tliieknenH, 
formidably  protected  with  reddish  brown  Bpiculiw  frmn  Bmall  circular  areoles  alxiut 
one-fourth  inch  apart;  seed  easily  separalili'  from  pulp. 

The  tuna  leonera  (Opuntia  sp,)  is  small,  but  has  a  very  good  flavor, 
and  is  consequently  well  thought  of  in  parts  of  Mexico.  It  is  eaten 
fresh  and  also  employed  in  the  manufacture  of  miel,  melcocha,  and 
qiieso,  for  which  it  is  said  to  be  admirably  adapted.  The  composi- 
tion of  the  edible  portion,  as  seen  from  the  analysis  in  Table  II, 
shows  it  to  be  one  of  the  three  best  fruits,  but,  as  with  agua-mielilla, 
its  small  size  and  thick  rind  prevent  it  from  being  classed  as  high  as 
it  would  otherwise  be.  The  fruits  weighed  only  30  grams,  and  68,66 
per  cent  of  this  was  rind,  which,  with  the  3, .33  per  cent  of  seed,  left 
only  28.01  per  cent  of  edible  pulp.     The  solids  of  the  edible  portion 
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amounted  to  13.21  per  cent,  10.78  per  cent  being  sugar.     By  reduc- 
tion none  of  this  was  found  to  be  sucrose,  and  polarization  only 
showed  0.38  per  cent.     Both  polarizations  were  to  the  right. 
Collected  at  Ehicamacion,  Mexico,  September  1,  1905. 

TUNA   PACHONA. 

{Not.  8141  OTid  8546.) 

A  tall,  raiher  (^mpacUy  branphed  tree  10  tn  15  Wt  high,  with  a  black,  s<^y  trunk 
6  lo  10  inches  in  diameter;  joint*  ovate-obovato,  about  7  by  13  inches,  <lcep  dark 
green,  with  waxy  white  covering  oft«n  prominent,  reaenibling  the  oardona  in  color  very 
much,  but  on  the  whole  a  little  lighter;  areolea  1  lo  11  inchte  apart,  ovate  Ui  circular; 
spicules  bright  reddidh  brown,  but  often  yellowish  al  their  liaaea,  not  often  formida- 
ble on  joints  except  at  the  baaes  of  the  younger  oace;  spince  white,  flattened  or  tri- 
angular, with  translucent,  bcmp-like  tips,  UBtially  slightly  twisted,  somewhat  but 
never  tightly  re<nirved,  2  lo  5  in  numbm';  fiowera  not  Been;  (niit  red,  l)eci>ming 
deeidedly  purplish  when  fully  matured,  formidably  protected  with  large  bunches  of 
reddish  brown  glochidfl  from  large  circular  areolefl. 

The  tuna  pachona  {Ojiuntia  sp.)  iu  a  bright,  cle-ar  red  fruit,  which 
becomes  deep  red  to  purple  when  completely  ripe.  It  is  one  of  the 
most  attractive  of  the  leonero-opalilla-agua-mielillo  group,  and  i.** 
largely  used  in  the  manufacture  of  queso  and  other  pulp  products. 
It  sells  on  the  day  of  collection  upon  the  markets  of  Zacatecas  at  the 
rate  of  seven  or  eight  for  a  cent,  while  amarillas,  eamuesas,  etc.,  are 
selling  at  the  rate  of  two  for  a  cent. 

The.tuna  pachona  closely  resembles  the  tuna  cardona  in  composi- 
tion. The  average  weight  of  the  individual  fruits  of  the  cardona 
variety  collected  in  1905  was  49  grams,  while  the  pachonas  for 
the  same  year  averaged  48.2  grams.  The  two  resemble  each  other 
also  in  having  a  "mealy"  juice — that  is,  when  the  juice  is  expressed 
there  is  a  considerable  amount  of  very  finely  divided  solids  in 
suspension. 

The  pachona  sample  collected  in  1906  (No.  8546)  was  about  the 
same  in  size  as  the  one  collected  in  1905,  and  the  amount  of  seed  and 
rind,  as  well  as  the  composition  of  the  pulp,  was  about  the  same  in 
both.  The  total  solids  amounted  to  about  12  per  cent,  and  a  calcu- 
lation of  the  solids  in  the  juicea  of  the  two  from  their  specific  gravity 
shows  this  to  be  not  far  from  12  per  cent  for  both  samples,  while  the 
reducing  sugar  amounted  to  about  9  per  cent. 

Strange  to  say.  No.  8141  was  dextrorotary  to  a  fraction  of  a 
degree  both  before  and  after  inversion  and  No.  8546  was  slightly 
levorotary  in  both  cases.  The  latter  was  more  fully  matured  than 
the  former. 

No.  8141  was  collected  at  Zacatecas,  Mexico,  September  19,  1905. 

No.  8546  was  collected  at  Zacatecas,  Mexico,  September  19,  1906. 
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(Nos.  moo  and  81S6.) 

When  fully  ripened  the  tuna  chavefia  (Opuntia  sp.)  does  not  differ 
very  much  in  outward  appearance  from  the  tuna  cardona.  It  is, 
however,  slightly  longer  and  lighter  in  color,  especially  during  the 
ripening  period.  It  differs  also  in  being  protected  by  yellow  instead 
of  reddish  brown  spicules  and  in  maturing  about  six  weeks  or  two 
months  later.  The  chavefia  and  its  closely  allied  varieties  are  among 
the  latest  to  mature  in  the  autumn.  With  it  its  two  varieties  are 
almost  always  associated.  The  tuna  caidilla  differs  from  it  in  having 
rather  smaller  joints  and  in  the  one  important  characteristic  of  drop- 
ping its  fruit  as  soon  as  mature.  The  Spanish  name  "caidilla"  is 
probably  derived  from  "caier,"  to  fall.  The  fruit  is  said  to  remain 
in  good  condition  upon  the  ground  for  a  month  or  six  weeks.  The 
other  variety  U  the  tuna  cascarona,  differing  also  from  the  chavefia 
in  having  somewhat  larger  and  more  uniformly  circular  joints  and 
possibly  slightly  larger  tuna.s.  These  three  forms  are  very  closely 
related  and  would  scarcely  be  considered  distinct  species  by  the 
most  critical  taxonoraist,  but  they  are  (juite  well  recognized  by  the 
Mexicans,  who  will  pick  them  out,  especially  during  the  fruiting  sea- 
son, with  considerable  irertainty.  As  previously  stated,  the  tuna  cha- 
vefia, together  with  its  varieties,  matures  late  in  the  season,  and  its 
fruits  are  best  adapted  for  winter  use.  In  the  vicinity  of  Aguas- 
calientes  large  quantities  of  these  are  stored  and  placed  upon  the 
market  continuously  through  April.  They  are  packed,  as  stated 
elsewhere  in  this  bulletin,  in  well-aerated  situations  in  alternate 
layers  with  straw  or  hay.  Spociiuens  which  were  examined  as  late 
as  the  middle  of  April  were  in  a  good  state  of  preservation. 

Although  somewhat  underripe,  No.  8100  had  evidently  attained 
its  full  growth  and  sugar  content.  The  tunas  averaged  11.23  grams 
heavier  than  the  fruits  of  No.  8136,  which  were  gathered  in  the  same 
locality  two  weeks  later.  This  variety  is  about  an  average  size,  but 
it  is  characterized  by  a  very  large  amount  of  rind  in  proportion  to 
pulp.  The  percentage  of  seed  is  somewhat  less  than  was  found  in 
some  of  the  other  varieties,  hut  the  proportion  of  rind  is  very  large, 
and  is  not  edible.  When  this  was  rejected  the  total  refuse  was  about 
75  per  cent.  Because  of  the  large  amount  of  waste,  the  rind  of  No. 
8100  was  analyzed  and  found  to  contain  4.97  per  cent  of  sugar.  The 
acids  were  rather  high  in  the  rind  (0.96  per  cent),  which  was  prob- 
ably due  to  the  fruit  not  being  thoroughly  ripe.  Both  samples  were 
somewhat  similar  in  composition.  The  percentage  of  solids,  sugars, 
and  proteids  of  No.  8136  was  somewhat  greater  than  was  found  in 
the  greener  sample,  by  far  the  greatest  difference  being  in  the  pro- 

<>  See  Bulletin  60  of  the  Agri<'ii1tiiral  Expe rimpnt  Station  of  N«w  Heitiol,l£tD(^  \^13. 
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teids.  The  polarizations  were  to  the,  right  in  hoth  samples  both 
before  and  after  inversion.  No  sucrose  was  found  by  reduction  in 
either,  but  the  polarizations  seem  to  show  0.24  per  cent  in  No.  8136. 
This  is  about  an  average  of  the  Mexican  fruits  so  far  as  sugar  and 
proteida  are  concerned.  The  test  with  iodin  failed  to  show  any  starch 
in  No.  8100. 

Neither  sample  changed  its  color  when  evaporated  to  dryness  on 
the  water  bath  as  do  many  of  these  fruits. 

No.  8100  was  collected  at  Aguascalientes,  Mexico,  August  29, 
1905.  This  specimen  was  obtained  from  the  very  earliest  timas  to 
mature  and  was  really  considerably  underripe.  The  natives  had 
not  yet  begun  to  use  these  fruits. 

No,  8136  was  collected  at  Aguascalientes,  Mexico,  September  15, 
1905.  Tliis  specimen  was  none  too  ripe,  although  the  ripest  fruits 
obtainable  were  selected  for  the  analysis.  The  natives  were  just 
beginning  to  eat  them  at  the  time  this  sample  was  collected. 

TUNA    DURASNILLA    BLANCA    (WHITE    PEACH)," 

[Not.  814^  and  85i5.) 
The  tuna  durasnilla  blanca  {0-puntia  leucotricka  DC.)  *  ia  a  light 
yellow  fruit  when  mature  and  reaches  a  size  of  IJ  by  21  inches,  but 
is  usually  smaller  than  this.  It  is  one  of  the  very  few  aromatic  tunas 
of  Mexico,  although  Mr.  Francis  Eschauzier  states  that  this  ia  a  com- 
mon characteristic  of  the  tunas  which  have  become  naturalized  in 
aouthem  Spain.  Differing  from  many  species,  the  rind  of  this  fruit 
assumes  more  of  the  consistency  and  flavor  of  the  pulp  when  mature 
and  is  consequently  eaten,  the  practice  usually  being  to  cut  off  the 
peel  rather  roughly,  leaving  about  one-half  of  it  attached  to  the  pulp 
when  the  operation  ia  completed.  In  this  way  about  one-half  of  the 
peel  is  consumed  with  the  pulp.  To  many  foreign  tastes  this  is  a 
pleasant  fruit  on  account  of  its  alight  pungency,  the  other  species 
being  often  complained  of  as  insipid.  This,  however,  is  no  more  true 
of  the  tunaa  than  of  many  other  subtropical  fruits.  See  the  discus- 
sion under  No.  8150. 

No.  8143  was  collected  at  Gutierrez,  Mexico,  September  20,  1905, 
No.  8545  was  collected  at  Zacatccas,  Mexico,  September  19,  1906. 

TUNA   DURASNILLA    rOLORADA    (rED   PEACll). 

{No.  S150.) 

The  writers  are  unable  to  discover  a<iy  constant  difference,  except 

that  of  color,  between  No.  8150  (Ojmntia  Ifucotricha  DC.)'  and  No, 

o  Sco  Bullptin  GO  o(  the  Agricultural  Expprimpnt  SUlion  of  New  Mpxioo,  1S96,  p.  75. 
ft  R(!V.  de  la  Fam.  do  Cact.,  119,  182!). 

c  Rev.  dc  la  Fam.  de  Oart.,  119,  1829.  See  Hulletin  GO  of  the  Agricultural  Experi- 
ment Station  of  New  Mexico,  18%,  pi.  4.  /  -  I 
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8143.  Both  forme  are  aromatic  and  both  are  eaten  with  a  portion  of  the 
peel  attached  to  the  pulp.  Both  have  formidable  spicules  and  hair- 
like fugacious  spines  of  the  same  color.  The  rind  and  epidermis  are 
most  highly  colored  in  this  variety.  The  pulp  becomes  red  very  tar- 
dily, and  then  it  is  only  mottled,  the  red  being  confined  to  that  part 
of  the  pulp  adjacent  to  the  seed. 

This  fruit  resembles  No.  8143  as  much  in  its  chemical  composition 
as  in  its  botanical  and  physical  characteristics,  and  for  this  reason 
the  samples  are  discussed  together.  Since  both  rind  and  pulp  of 
these  two  fruits  are  usually  eaten,  a  complete  analysis  has  been 
made  in  both  fruits  of  each  of  these  portions  separately,  as  well  as 
of  the  whole  fruit  (minus  seed  and  peel),  and  the  analyses  as  given 
in  Tables  I,  II,  and  IV  will  show  a  remarkable  similarity  in  the  com- 
position of  the  different  parts  of  both.  The  average  weight  of  each 
sample  was  42.9  grams  for  No.  8143  and  40.6  grams  for  No.  8150, 
both  being  considerably  below  the  average  weight  and  size  of  the 
largest  tunas. 

Like  the  tuna  chavefia  (Nos.  8136  and  8100),  these  fruits  have  a 
very  thick  rind  (about  three-eighths  of  an  inch),  but  inasmuch  as  it 
is  palatable  this  can  not  be  offered  as  much  of  an  objection  to  them; 
yet  while  the  rind  of  both  fruits  is  superior  to  the  rind  of  other  fruits 
examined,  with  the  exception  of  the  tuna  cardona  (No.  8099),  it  is 
not  equal  in  value  to  the  pulp  either  in  composition  or  flavor,  and  the 
same  fruit  with  a  thinner  rind  would,  of  course,  be  preferred.  As 
mentioned  before,  it  is  doubtless  the  presence  of  a  lai^e  amount  of 
plant  mucilage  and  salts  of  organic  acids  that  renders  the  rinds  unpal- 
atable, and  in  No.  8150  these  were  found  to  be  present  in  less  than 
one-half  of  the  quantity  usually  found  in  this  portion  of  the  fruit,  as 
shown  by  the  amount  of  alcohol  precipitate  (see  Table  I).  The 
amount  of  ash  was  also  considerablj  less  in  both  samples  than  is 
usually  found  in  the  rind.  About  the  only  marked  difference  in  the 
two  fruits  is  in  the  amount  of  acid,  there  being  more  than  twice  as 
much  acid  in  the  white  variety  (No.  8143)  as  was  found  in  the  red 
sample  (No.  8150). 

While  as  before  stated  these  fruits  are  quite  similar  in  composition, 
there  was  found  somewhat  more  pulp  in  the  durasnilla  blanca  than  in 
the  durasnilla  colorada,  but  the  total  and  soluble  solids,  the  proteids, 
specific  gravity,  and  sugars  are  practically  the  same  in  both.  As  in 
the  rind,  the  acid  in  the  pulp  of  the  former  is  more  than  twice  that  in 
the  other.  Both  of  these  fruits  are  smaller  and  contain  less  sugar 
and  other  nutrients  than  some  of  the  other  samples,  but  the  palata- 
bility  of  their  rinds  makes  them  desirable  fruits. 

Collected  near  Zacatecas,  Mexico,  September  22,  1905. 
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TUNA    VIKATBBA. 

(No.  8134.) 

A.  tall,  open-branching  plant,  often  12  to  ISfiiCt  high,  with  a  gray  ocaly  trunk  8  to  12 
incbee  in  diameter;  joiats  prominently  pubescent,  tuberculate,  nanowly  obovate,  3 
to  4  inches  by  10  to  14  inchee  in  laat  year's  growth,  light  yellowish  green;  spiculea 
lemon  yellow,  very  formidable  near  base  of  joint  but  not  bo  promiDent  above,  often 
one-fourth  inch  long;  spines  white,  erect,  spreading,  flattened,  and  twisted,  with  prom- 
inent translucent,  bone-like  tips,  as  much  as  1]  inches  long,  2  to  4  or  6  in  number, 
very  formidable  and  stout,  inci«asing  rapidly  with  age  and  enlarging  the  areoles  upon 
the  old  trunks  to  often  one-half  inch  in  diameter,  and  containing  as  high  as  30  strong 
apince;  fioweredeeporangewitbredinmidribeof  outer  segments,  which  are  irregularly 
serrated  and  often  cleft;  filaments  and  style  red,  with  pulp  deeper  colored  than  rind 
and  clinging  closely  to  seed,  pubescent,  tuberculate,  deeply  pitted  at  top,  in  this 
respect  much  like  fruits  of  some  of  the  species  of  Nopsles,  formidably  protected  by 
yellow  glochids  from  triangular  areolee  three-sixteenths  to  five-sixteenths  inch  apart. 

Although  very  pleasantly  flavored,  the  tuna  vinatera  {Opuniia  sp.) 
'  has  many  disadvantageous  characteristics.  The  fruit  is  small,  the 
pulp  clings  closely  to  the  seed,  and  the  spicules  are  very  numerous. 
It  is  quite  extensively  eaten  in  the  field  but  sddom  found  upon  the 
markets  and  is  not  very  highly  prized.  It  is  the  smallest  of  any  of 
the  fruits  analyzed  with  the  exception  of  one  or  two  samples  of  little 
or  no  nutritive  value.  This  variety  averages  only  24  grams  per  fruit, 
but  the  rind  is  not  so  thick  as  in  some  of  the  other  fruits  of  good 
quality,  like  the  leonera  and  the  agua-mielilla.  The  edible  pulp  con- 
stituted S0.17  per  cent  of  the  fruit,  and  this  had  12.14  per  cent  of 
solids,  nearly  all  soluble,  10.22  per  cent  being  sugar.  No  sucrose  was 
found  by  reduction,  and  only  a  trace  by  polarisation,  the  polarization 
being  -t-2.3  before  and  -^2.]  after  inversion. 

Collected  at  Aguascalientes,  Mexico,  September  16,  1906. 

TUNA    JOCONOXTLE. 

{No.  8135.) 

A  medium-tdzed,  rather  compactly  branched  native  plant  6  to  10  feet  high,  with  a 
gray  scaly  trunk  6  to  S  inches  in  diameter;  joints  large,  obovate,  in  proportion  of  8  by 
11  inches,  which  is  a  common  size,  minutely  papillate  hairy,  soft  and  silky  to  the 
touch,  dull  green,  becoming  yellow  and  scurfy  and  finally  gray  scaly;  areoles  circiilar, 
about  1  inch  apart;  Bpiculeeyellow  and  lather  prominent  even  on  joints;  spines  while, 
turning  to  a  dirty  gray,  flattened,  slightly  twisted,  weak,  erect  divergent,  very  unequal 
in  length,  longest  about  1  inch,  the  lower  often  somewhat  recurved;  flowen  yellow; 
fniit  subgloboee  to  slightly  obovate,  about  1]  inches  in  diameter,  dull  red  with  pulp 
deep  red  and  rind  lighter,  papillate  hairy,  with  circular  lo  obovate  areoles  about  one- 
fourth  inch  apart. 

There  are  several  very  distinct  varieties  which  pass  under  the  com- 
mon name  of  joconoxtle  (pronounced  ho-con-ox-ile)  (Opuniia  sp,). 
We  are  not  certain  that  they  all  belong  even  to  the  same  botanical 
species.     The  most  obvious  characteristics  are  found  in  fruit  colora- 
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tion,  but  there  are  other  taxoDomic  distinctions  also.  This  variety 
has  fruit  red  or  reddish  purple  throughout.  Another  variety  has 
green  fruit  with  red  pulp;  another  has  fruit  green  throughout  when 
fully  mature.  All  of  the  varieties  agree,  however,  in  one  respect, 
namely,  they  are  not  palatable  in  the  fresh  state.  They  need  to  be 
cooked  before  being  eaten. 

The  rind  in  this  species  is  comparatively  thick  and  the  pulp  not 
palatable.  It  is  therefore  not  eaten  until  cooked.  Its  main  v^ue  is 
in  the  manufacture  of  preserves,  for  which  there  is  a  lai^  use. 

A  rather  complete  analysis  has  been  made  of  both  rind  and  pulp, 
and  the  composition  of  these  parts,  as  well  as  that  of  the  whole  fruit, 
is  reported  in  the  different  tables.  The  average  weight  of  this  variety 
is  41.17  grams,  which  is  below  the  average  weight  of  tunas  generally. 
Of  this,  6S.46  per  cent  is  rind,  only  26.95  per  cent  being  pulp  free  from 
seed.  The  tuna  joconoxtle  contains  less  nutrients  than  any  of  the 
edible  samples  received  from  Mexico,  with  the  possible  exception  of 
the  tuna  cuija. 

A  comparison  of  the  analysis  of  the  whole  fruit  of  these  two  sam- 
ples in  Table  IV  shows  the  total  and  soluble  sohds  in  the  joconoxtle 
to  be  7.02  uid  5.34  per  cent,  respectively,  while  for  the  tuna  cuija 
they  are  8.45  and  7.50  per  cent,  respectively.  But  the  cuija  has 
only  4,18  per  cent  of  sugar,  while  the  joconoxtle  has  4.76  per  cent  in 
the  whole  fruit.  The  pulp  of  the  latter  has  7.74  per  cent  of  sugar, 
but  there  are  no  data  for  sugar  in  the  pulp  of  the  former. 

These  are  the  only  tunas  from  Mexico  with  less  than  10  per  cent  of 
total  solids  and  with  so  low  a  percentage  of  sugar.  In  this  respect 
they  more  nearly  resemble  those  forms  native  to  the  United  States. 

Collected  at  Aguascalientes,  Mexico,  Septeraher  15,  1905. 

PRICKLY  PEAR,  NOPAL." 
(iVoii.  1  to6,  fRHtom  Sinclair,  colUctor.) 
Very  little  use  is  made  of  the  fruit  of  Ojmntia  lindkeimeri  Engefm.,* 
and  our  analyses  show  that  it  has  comparatively  little  merit  as  a 
food.  Occasionally  a  family  is  found  which  makes  a  sort  of  pre- 
serves of  the  peeled  fruits;  others  dry  them,  while  still  others  eat 
them  in  the  fresh  state.  Usually  the  fruit  simply  drops  off  of  the 
plants  and  is  eaten  by  hogs  and  cattle.  There  is  a  strong  opinion 
prevalent  among  both  Americans  and  Mexicans  in  portions  of  south- 
ern Texas  that  the  fruit  produces  injurious  effects.  However  this 
may  be,  it  is  certain  that  it  is  very  often  eaten,  although  not  very 
palatable,  with  no  injurious  consequences. 

n  Names  of  the  plant.     Theae  names  apply  toatlspecieeuf  the  flat- juin ted  Opuntias. 

ft  Boston  Jour.  Nat.  HiBt.,6:207,  1S50.  Sec  BiiJletin  60  of  the  Agricultural  Experi- 
ment Station  of  New  Mexieo,  IROG,  p.  32,  and  Bulletin  91  of  the  Bureau  pf  Anioul 
InduBtry,  tr.  S.  Dept.of  Agricultur»,pp.  9-11.  .■OD'^lc 
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Six  samples  of  this  species  have  been  analyzed,  all  collected  by 
Mr.  William  Sinclair  at  San  Antonio,  Tex.,  as  follows: 

(!)  Collected  August  1,  1905.  This  is  the  only  one  of  those  fruits 
from  San  Antonio,  Tex.,  which  had  the  pulp  and  rind  analyzed 
together  as  one  sample,  and  for  that  reason  it  is  not  readily  com- 
parable with  the  other  live  samples  in  its  solids  and  its  sugar  content, 
but  it  is  probably  one  of  the  best  fruits  from  that  locality. 

The  tables  show  about  twice  as  much  sugar  in  sample  No.  2, 
which  was  collected  six  or  seven  weeks  later  in  the  season,  but  the 
solid  matter  is  about  the  same  for  both,  and  the  difference  in  sugar 
can  be  largely  accounted  for  by  the  fact  that  the  rind  is  included  in 
sample  No.  1. 

The  tables  show  a  high  percentage  of  edible  portion  because  only 
the  seed  and  a  very  thin  epidermis  are  included  in  the  waste.  The 
fruits  were  crimson  in  color,  averaged  43.5  grams  in  weight,  and 
were  about  IJ  by  2^  inches  in  size.  The  sample  had  3.94  per  cent 
of  total  reducing  sugars  and  0.88  per  centuif  sucrose.  The  deter- 
mination of  total  solids  was  lost,  but  the  solids  in  the  juice  calculated 
from  the  specific  gravity  were  7.74  per  cent. 

(2)  Collected  September  19,  1905.  This  sample  of  OpaTitia  lind- 
Jieima^  was  collected  about  seven  weeks  later  than  the  previous  one 
and  was  the  largest  and  best  sample  from  San  Antonio.  The  fruits 
were  IJ  to  3  inches  in  diameter  and  weighed  on  an  averi^  71.63 
grams.  The  rind  of  this  sample  was  very  thick  (about  one-fourth 
inch  in  its  thinnest  part)  and  was  a  very  deep  purple.  As  in  all  the 
samples  from  Texas,  there  was  a  lai^  percentage  of  waste.  There 
were  7.7S  per  cent  of  total  solids  and  7.18  per  cent  of  total  sugars. 

(3)  Collected  November  17,  1906.  The  individuals  in  this  sample 
averaged  about  1  by  1  i  inches  in  size  and  weighed  25  grams.  Lake 
all  the  fruits  of  this  speciea,  they  were  sour  and  unpleasant  to  the 
taste.  In  some  iif  the  fruits  the  pulp  was  gray  or  yellowish  green 
in  color.  The  rind  was  very  thick  and  constituted  67  per  cent  of 
the  total.  Only  the  pulp  was  included  in  the  analysis,  and  this 
amounted  to  25  per  cent  of  the  fruit.  It  had  only  5.68  per  cent  of 
solids.  Of  these  solids,  1.18  per  cent  was  acid,  0.48  i>er  cent  pro- 
teids,  and  0.85  per  cent  total  sugars.  If  this  fruit  were  palatable 
the  small  amount  of  edible  portion  and  the  low  percentage  of  sohds 
and  sugar  would  render  it  of  little  value. 

(4)  Collected  July  4,  1906.  The  pulp  only  was  included  in  the 
analysts  of  this  sample.  It  amounted  to  33.29  per  cent  of  the  whole 
fruit.  There  was  7.8  per  cent  of  solids,  of  which  7.27  per  cent  was 
soluble,  5.24  per  cent  was  sugar,  and  0.88  per  cent  was  acids  calcu- 
lated to  II,SO,.  It  is  interesting  to  note  that  while  this  fruit  con- 
tained only  5.24  per  cent  of  sugar  it  was  the  best  sample  of  this 
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species.     It  was  levorotary  before  and  after  inveraion,  both  )K)lar- 
ization  and  reduction  showing  a  fraction  of  1  per  cent  of  sucrose. 

(5)  Collected  October  16,  1906.  This  sample  consisted  of  email 
somewhat  shriveled  preen  fruits,  a  number  of  which  had  be^n  to 
decay.  They  averaged  21  f^rams  in  wei[;ht.  The  rind  was  green  to 
the  pulp,  but  this  was  of  a  bright  scarlet  color."  Like  the  other  sam- 
ples, the  proportion  of  rind  and  seed  was  very  large,  and  onlj  32  per 
cent  was  edible.  Of  this,  7.13  per  cent  was  solids  and  only  1.41  per 
cent  was  sugar.  The  writers  were  unable  to  notice  any  efTect  upon 
polarized  light  by  the  juice. 

(6)  Collected  November  6,  1906.  These  fruits  weighed  on  an 
average  26.54  grams.  The  pulp  had  only  5.33  per  cent  of  solid 
matter,  and  this  was  quite  unpalatable,  as  may  readily  be  under- 
stood by  referring  to  its  analysis  as  given  in  Table  II.  Of  this  solid 
matter,  2.15  per  cent  was  acid,  and  the  fruits  contained  no  sugar 
whatever. 

SAMl'LE  NO.  2.  NEW  MEXICO  COLI.EOE  OAKDEN. 

Both  rind  and  pulp  of  Sample  No.  2  (Opuntia  eiigelmannii  cychndes '') 
were  of  a  deep  red  color;  they  averted  about  IJ  by  2  inches  in  size, 
weighed  IS.l  grams,  and  had  about  200  seeds  three-sixteenths  inch 
in  diameter. 

In  the  analysis  of  this  sample  the  rind  was  included  with  the  pulp. 
The  refuse,  consisting  of  seed  and  peel,  amounted  to  28.63  per  cent. 
The  solids,  calculated  from  the  specific  gravity  of  the  juice,  consti- 
tuted 11.23  per  cent.  Of  this,  1  per  cent  was  mahc  acid,  and  6  per 
cent  was  reducing  sugars.  By  reduction  1.97  per  cent  of  sucrose 
was  obtained.     By  polarization  it  was  1.65  per  cent. 

In  the  vicinity  of  llillsboro,  N.  Mex.,  the  fruit  of  this  species  is 
prepared  as  an  attractive  palatable  sirup.  The  juice  is  expressed 
in  a  fruit  press,  and  is  then  boiled  to  one-fourth  its  original  volume 
after  the  addition  of  one-sixth  its  weight  of  cane  sugar.  Boiling 
does  not  destn>y  the  color  in  the  least.  The  finished  product  is  not 
only  palatable,  but  is  attractive  in  appearan<^e. 

Collected  at  Agricultural  College,  N.  Mex.,  August  10,  1905. 

TUNA    CULT  A, 


The  tuna  cuija,  pntnounced  quec-clia  (Opunlia  eTigelmannii  cuija 
G.  &.  II.'),  is  a  deep  purple  fniit  which  ranges  from  subglobose  to 
pyrifor.u,  about  1 1  by  2\  inches  in  size,  and  is  one  of  the  most  variable 

"  A  tiimmon  rliaractoriBtip  ci£  latn  fruit  ot  tlibi  Mp(«'i«H. 

b  Engclniann  and  Bigi-lc»w.  Psicit.  Ky.  Ilcji..4:.'t7,  pi.  8,  fig.  I,  IMB.  Sco  Bui.  (iO 
ot  the  Agricullural  Eipcrimont  .Statiini  o(  New  Mpxicii,  1H96,  p.  <0. 

c  N.  M.'K.  Expt.  Sta.  Bui.  GO,  pi.  2,  190B.  For  dcst-ription,  BKe  Bui.  *».  ■^::'"' 
Exp.  Stft.  of  Nl-w  Mciico,  1900,  p.  44,  pi.  2.  ..iClOolc 
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species.  Some  forms  are  worthy  of  cultivation,  being  quite  palatable 
and  having  a  good  proportion  of  pulp,  while  others  are  not  fit  to  eat. 
When  overripe,  the  color  is  verj'  deep,  almost  black — so  much  so 
that  the  vendors  upon  the  market  places  where  they  are  sparingly 
sold  often  call  them  "tuna  negra."  The  fruit  is  quite  comparable 
with  that  of  Opuntia  Hndheimeri.  The  areoles  are  very  similarly 
distributed  and  the  spicules  somewhat  more  abundant. 

No  separate  analysis  was  made  of  the  pulp  of  this  variety,  but 
the  analysis  of  the  edible  portion  of  the  whole  fruit  shows  this  to  be 
of  little  value  compared  to  most  of  the  other  Mexican  varieties. 
It  resembles  the  joconoxtle  in  its  composition,  but  the  fruits  are 
only  about  one-half  as  lai^e,  the  average  weight  of  the  cuija  being 
only  21.05  grams.  The  refuse  is  reported  in  Table  IV  as  only  15,38 
per  cent  of  the  fruits,  but  this  is  because  the  rind  was  all  included 
in  the  edible  portion,  except  the  thin  epidermis.  The  total  solids 
of  the  fruits  were  8.45  per  cent,  but  only  4.18  per  cent  was  sugar. 

Collected  at  San  Luis  Potosi,  Mexico,  August  6,  1905. 

S.VUPl.E  NO.  3,  NKW  MEXICO  C0LI-E(1E  O.^RDET^. 

The  averageweight  of  the  fruits  of  Sample  No.  3  (0.  Zasvis?  Coulter") 
was  2!). 5  grams.  They  are  of  a  dark  purple  color,  and  the  juice  is  a 
brilliant  red  both  for  the  rind  and  pulp.  The  pulp  was  separated 
from  the  rind  and  seed  in  a  press.  The  edible  portion  obtained  by 
this  process  amounted  to  7S.1S  per  cent  of  the  fruit.  The  total 
sohds  were  10.11  per  cent  and  the  sugars  7.51  per  cent.  This  was 
one  of  the  few  prickly  pear  fruits  that  were  levorotarv'  both  before 
and  after  inversion.  By  polarization  no  sucrose  was  found,  and  only 
0.14  per  cent  was  found  by  reduction;  it  contained  0.22  per  cent 
of  acid  calculated  as  11,80,. 

This  is  probably  the  most  palatable  prickly  pear  that  is  at  present 
found  growing  in  New  Mexico,  and  while  it  is  not  eaten  as  a  fresh 
fruit  very  extensively,  it  is  used  considerably  by  the  Mexicans  in 
the  preparation  of  preserves. 

Some  of  the  pulp  of  this  fruit  wa.s  evaporated  to  about  one-eiglith 
of  its  original  volume  to  a  thin  paste,  without  suffering  any  change 
in  its  color.  This  paste  was  used  for  coloring  apple  jelly  and  candy, 
and  was  found  to  serve  admirably  for  the  former  purpose.  Because 
of  the  danger  or  prejudice  against  the  use  of  coal-tar  dyes  it  may 
have  some  value  commercially  as  a  vegetable  coloring  matter. 
Candy  colored  by  means  of  it  lacked  the  brilliancy  of  that  colored 
with  coal-tar  dyes,  and  it  is  doubtfiil  whether  it  could  ever  be  verj- 
generally  used  for  this  purpose.     The  paste  pre]mred  in  tliis  manner 

"CoDtrib.  U.  S.  Nal.  Herb.,3:419,  1896.  Sec  Uul.OO.Agr.  Expt.  Sta.  ot  N,  Mex., 
190C,  p.  43. 
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had  51.6  per  cent  of  sugar,  only  0.48  per  cent  being  sucrose.  By 
removing  the  sugar  and  insoluble  solids  from  the  material  the  coloring 
matter  could  probably  have  been  concentrated  to  as  rich  a  color 
as  cochineal  paste.  The  coloring  matter  of  this  fruit  will  be  more 
fully  investigated  during  the  coming  season. 

Whether  or  not  the  fruits  will  ever  prove  of  commercial  value  for 
the  preparation  of  a  coloring  matter  will,  it  is  believed,  depend  solely 
upon  the  yield  to  the  acre  that  can  be  obtained.  This  can  only  be 
determined  by  experiment. 

Collected  from  the  cactus  garden  of  the  New  Mexico  Agricultural 
College?  August  20,  190B. 

BAIfPLE  NO.  SOK. 

Sample  No.  8022  {Opuviia  phaeacantha  Engelm.")  is  rather  small 
and  too  acid  to  be  of  use  as  an  article  of  human  food.  It  is  pyriform, 
about  1  by  li  inches,  rather  sparingly  beset  with  small  areolcs 
having  formidable  yellow  glochids  one-eighth  inch  or  less  long.  It 
is  light  reddish  purple  without  and  has  a  rind  of.  the  same  color,  but 
the  pulp,  which  is  quite  acid,  is  greenish  yellow  and  the  seeds  are 
comparatively  lai^e. 

It  will  be  seen  that  this  brief  description  varies  somewhat  from 
that  given  in  Bulletin  60  of  the  Agricultural  Experiment  Station  of 
New  Mexico.  The  writers  can  not  tell  about  the  character  of  fruit 
of  the  type  of  Opuniia  camanckica  for  reasons  stated  in  that  publi- 
cation, and  the  description  is  not  exphcit.  It  may  be  necessary  later 
to  admit  under  this  speciHc  name  forms  with  fruits  bearing  the 
following  colors: 

{1 )  Reddish  purple  throughout. 

(2)  Reddish  purple  on  outside  and  greenish  yellow  within. 

(3)  Reddish  purple  epidermis  and  rind  and  greenish  yellow  pulp. 
The  fruit  was  prepared  for  analysis  by  peeling  the  skin  or  epidermis 

with  as  little  waste  of  the  rind  as  possible,  which  was  analyzed, 
together  with  the  pulp,  freed  from  seed.  There  was  in  this  sample 
15-84  per  cent  of  seed,  this  being  more  than  was  found  in  any  of  the 
samples  analyzed.  The  peel  was  only  12.06  per  cent,  making  a  total 
waste  of  seed  and  peel  of  27.9  per  cent. 

The  total  and  soluble  solids  were  not  determined  in  this  sample, 
but  the  solids  in  the  juice  calculated  from  its  specific  gravity  were 
11  per  cent,  and  the  sugars  amounted  to  only  3.35  per  cent,  making 
a  purity  coefficient  of  the  juice  of  only  30.5  per  cent,  while  with  the 
juices  of  the  best  fruits  it  was  as  high  aa  80  to  90  per  cent.  This  low 
coefficient  in  the  purity  of  the  juice  is  found  in  all  the  fruits  with  a 

oMem  Am.  Acad.  (Plant.  P>iid.),  4:62,  1849.  See  Bulletin  60  ot  the  Agricultural 
Experiment  Station  of  New  Mexico,  1906,  p.  50,  for  notes  on  this  and  Opvntia 
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|(i\v  sufjfir  conlfiit  when  the  rind  was  iiirludcii  with  tho  pulp  in  tho 
analysis.  Tlip  olhcr  solids  d(ml)tlt'ss  niiisist  iif  nridH,  salts  of  or^anit^ 
acids,  and  nnicihigc — 1.5S  jwr  cent  is  ucid  calrnlatod  as  IKSO,. 

Hcihit'tiiin  jnethods  showed  2.0  per  cent  of  the  snjjar  to  he  snortise, 
but  we  are  inclined  to  iM'lieve  that  tliere  nuist  he  an  .error  in  these 
results,  since  the  juice  seemed  to  luive  ven'  little,  if  any,  elfect  on 
poiiiriwd  lij;lit  and  no  sucrose  was  found  bv  polarizati<m. 

C\.llocte.l  at  El  Paso.  Tex.,  Julv  ;ill.  I!!ll.5. 


At  the  lime  uf  collection  it  was  nmiced  that  there  were  two  kinds 
of  niutuix'  fniits  on  the  dilferent  phtnts  in  a  plantation  of  this  species 
iOjruiiiifi  iiHiiriici iitiv  ")  u]>t<n  the  colic;;e  ciinipu.s.  They  resembled 
each  other  in  their  outward  appearance,  except  that  sample  No.  1, 
collected  in  liKlo.  was  about  twice  the  size  of  sample  Xo.  4,  eollec(e<l 
In  l!HHi.  The  pul]>  of  No.  I  was  red,  wldh- that  ..f  Xo.  4  was  green  or 
yellowish  <;reen.  The  fniils  of  sample  No.  1  iiverajred  l^y.2S  ^.Tanis, 
while  tliose  of  Xo.  4  wei-hed  oidy  M.o  -rams  each. 

Sample  Xo.  1  was  (irepared  for  analysis  by  iieelinf;  off  the  ej»idennis 
and  forcini;  the  ]>ulp  and  I'ind  tljruujr'i  muslin.  The  amount  of 
edible  portion  oblnined  in  this  manner  aniounfed  to  7S.46  per  cent. 
The  edible  portion  in  No.  -i  was  obtained  liy  subjectinj;  the  fniils  to 
|>res.surc  and  weijrliinfi  the  juice  thus  i)l)tuined.  In  thLs  way  only 
oii.tiS  iK'r  cent  was  eihble.  Tlic  total  .-nlids  in  Xo.  1  was  not  deter- 
mined, but  a  {■alculation  fj'om  llje  speiihc  ifiavity  of  the  juice  shows 
the  solids  in  this  sample  u>  be  S.lCi  per  cent.  The  total  solids  in  Xo.  4 
was  ]L».(l,s  per  c.'iil  an.i  the  soluble  .-.olids  ll.fW  per  eent.  Caleu- 
lated  from  tlic  spe-'dl.'  i^raviiy  of  the  Juice  ihc  M.tids  present  in  Xo.  4 
amounted  to  l2X>n  jiei-  ci-]il.  N<..  1  had  O.S',  per  cent  of  acid,  ami 
No.  4  had  11.47  per  cent,  or  about  li.df  llie  aJiinuut  found  in  Xo.  I. 

liolji  t.ani[)]cs  were  Icvnroiary  at  hntli  .readinjis  and  seemed  to 
have  soiue  .-iicrose.  llic  lar^'er  (|uamily  bi'in;.'  in  No.  4. 

No.  1  had  ;J.,S7  \»'r  cent  >•(  lolid  suptrs  as  dexirose  and  Xo.  4  liad 
'.l.ir.i  per  cent.  The  simill  I'ruil  wi(]i  the  ,u'reeii  juitj)  which  was  col- 
lecleti  in  lIMHi  wa.sa  better  fruit  th;ui  llie  oue  i-.^!!ei-lcd  in  (he  previous 
year,  as  nuiv  be  .-eeu  from  its  .■no.poMii.m.  It  lias  more  solids  ami 
siipir  ami  Ws  ,ici<l.  Whelber  tliis  is  due  In  I  be  season,  the  fact  that 
il  was  eoilec'led  ten  d;i,\s  l.iier  in  the  iiKHilli,  llic  diMVrence  in  the  size 
..f  I  lie  two  saui|.l.-..or*vanel;ildiircreii<v,  th^'  writ  its  can  nof  .say.  A 
.liircrcnc<-  in  ijie  color  of  ihi-  p.dp  i-  .■oTiuu-.n  in  ihe  prickly  pears. 
Similar  diMerein-e-.  to  llie  one  unled  herv  are  .■ortunou  mOp>ii>tla  ,i,g,l- 
i,>",n-::.  II.  r,i,.lh.',„.ii\.  <>.  j>hih>i,viill.u.  mid  mimy  .ilhers. 
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TUNA  JUELL. 

(No.  8Q3S.) 

Tunajuell  (OpunHa  imhric^ta  (Ila,w.)  DC."),  pronounced  wAo^,  is  the 
common -cylmdropuntia  of  the  highland  re^on  of  Mexico.  The  fruit 
is  not  eaten  by  either  man  or  beast,  so  far  as  the  writers  have  been 
able  to  detennine.  As  the  analyses  show,  it  is  very  high  in  acid,  and 
because  of  this  and  the  presence  of  so  much  plant  mucilage  and  the 
absence  of  sugar  it  is  not  at  all  palatable. 

Before  the  advent  of  coal-tar  dyes  this  fruit  had  an  important 
place  in  the  arts.  The  tunas  were  gathered,  chopped  up  into  small 
pieces,  and  boiled,  the  fiber  and  seed  being  filtered  out  and  the 
extract  used  to  dissolve  and  set  cochineal  dye.  It  is  still  used  in  this 
way  to  a  limited  extent.  Experiments  which  the  writers  have  con- 
ducted show  it  to  be  somewhat  efficient  for  the  purpose,  especially  in 
the  coloring  of  woolen  cloth.  Its  mordanting  property  is  doubtless 
due  to  the  lai^  amount  of  acids  and  salts  of  oi^anic  acids  present. 

This  is  the  only  analysis  of  cane  cactus  (Cylindropuntia)  included 
in  this  bulletin.  The  fruit  of  this  group  of  cacti  is  not  edible,  nor 
was  this  particular  sample.  The  analysis  was  made  to  determine  its 
composition  compared  to  the  pnckly  pears.  The  fruits  averaged 
51.66  grams  in  weight.  The  percentage  of  seed  was  9.68,  which  is 
higher  than  was  found  in  any  of  the  fruits  except  OpUTiHa  pkaeacaniha 
(No.  8022). 

The  total  sohds  were  only  7.57  per  cent,  5.54  per  cent  being  solu- 
ble in  water.  The  juice  contained  an  umisually  large  quantity  of  plant 
mucilage,  which  rendered  it  so  slimy  that  the  writers  could  not  deter- 
mine the  specijic  gravity  at  all  by  means  of  a  Westphal  balance,  and 
upon  attempting  this  determination  with  a  gravity  balance  the  una- 
voidable bubbles  in  the  slimy  juice  caused  the  specific  gravity  to  be 
only  0,903,  or  less  than  that  of  water,  which  is,  of  course,  too  low. 
The  proteids  present  were  about  an  average  of  what  is  usually  found 
in  the  other  tunas.  The  fruit  contained  3.48  per  cent  of  acid,  which 
was  found  to  be  malic  acjd.  This  large  percentage  su^^ts  a  possi- 
bihty  of  the  use  of  the  plant  in  the  preparation  of  maUc  acid.  No 
trace  of  sugar  was  found  either  by  reduction  or  polarimetric  methods. 

An  analysis  of  the  ash  of  the  soluble  solids  in  this  fruit  is  given 
below.  A  comparison  of  its  composition  with  the  composition  of  the 
ashes  of  the  stems  of  the  cacti  as  given  in  Table  2  in  Bulletin  No.  60 
of  the  Agricultural  Experiment  Station  of  New  Mexico  shows  it  to  be 
comparatively  low  in  lime  and  high  in  alkali  salts  and  sulphates. 


oProdromus,  3:  47,  1828;  Ca-evt  imbrii^lus  Haw,,  Rev.  PI.  Sue,  70,  1821.  See 
Bulletin  60  of  the  Agricullui&I  Eiperiment  Slatiou  of  New  Mexico,  1906,  p.  97,  pi.  7, 
fig.  2. 
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Cotnpotition  of  the  <uh  in  the  lolubU  solids  of  the  tunajiull. 

Pft  ctat. 

Sili<»,  iron,  and  alumina  (SiOj,FejO„Al^,} 0. 6* 

ChIorin{n) 4.09 

Sulphuric  acid  radicle  (SO,) 5. 12 

Calcium  (Ca) 7.15 

Magnesium  (Mg) 6.83 

Sodium  (Na) Trace. 

Potaasium  (K) 33. 81 

Collected  at  San  Luis  Potosi,  Mexico,  August  9,  1905. 

MEXICAN    STRAWBERRY. 
(A'o.  5,  New  Mexini  College  Garden.) 

The  Mexican  strawberry  {Eckinocereus  alramineus'^)  is  the  only 
fruit  included  in  this  study  outside  of  the  genus  Opuntia.  The  genus 
Echinocereus  includes  many  species  with  edible  fruite.  In  fact,  the 
fruits  of  this  genus  are  often  preferred  to  the  prickly  pears,  but  their 
scarcity  prevents  their  extensive  use  as  a  food.  The  fruits  in  the 
sample  were  collected  somewhat  late  in  tlic  season  and  were  probably 
not  as  good  aa  some  that  matured  earlier.  They  will  not  stand  stor- 
age as  well  as  prickly  pears,  for  they  ferment  very  quickly  after  being 
collected.  These  fruits  are  of  a  salmon  color,  weigh  about  18  grams, 
and  average  2  inches  long  and  1  inch  in  diameter  at  the  largest  part. 
They  are  formidably  covered  with  long  white  spines,  but  these  are 
completely  and  easily  brushed  off  when  the  fruit  is  ripe.  The  fruit 
is  covered  with  a  greenish,  rind,  which  constitutes  30.38  per  cent  of 
the  whole,  but  this  represents  the  total  refuse,  since  the  small  black 
seeds,  which  are  almost  as  small  as  those  of  the  strawberry,  are  eaten, 
and  for  this  reason  were  included  with  the  edible  portion.  The  edible 
portion,  therefore,  amounted  to  69.17  per  cent,  which  is  more  than 
that  of  any  of  the  prickly  pears  with  their  rinds  rejected.  The  per- 
centage of  total  sohdsof  the  edible  portion  amounted  to  IS. 14,  which  is 
also  liigher  than  that  of  the  prickly  pear  and  can  be  explained,  in 
part  at  least,  by  the  presence  of  the  seeds.  The  fruit  differs  from  the 
prickly  pears  in  containing  nearly  3  per  cent  of  sucrose.  Its  polari- 
zation readings  were  +1.3  before  and  -2.5  after  inversion  at  28"  C. 
The  total  sugars  were  9.3  per  cent.  The  unusual  amount  of  sucrose 
for  a  cactus  fruit  made  them  much  sweeter  than  the  prickly  pears. 

The  juice  had  a  very  pleasing  odor  and  taste,  and  if  the  plants  were 
as  abundant  as  the  prickly  pear  they  would  be  preferable  as  a  food, 
as  they  are  more  palatable  and  do  not,  like  the  tuna,  contain  so  many 
seeds  that  can  not  be  masticated  or  readily  removed  from  the  pulp. 
Neither  do  they  have  so  much  plant  mucilage  as  the  tunas. 

Collected  August  17,  1906,  from  garden  on  campus  of  New  Mexico 
Agricultural  College. 

a  Engelmann,  George.  Synopsis  of  the  Cac-tacese  ot  the  Territory  of  the  United 
States  and  Adjacent  Regions.  Proc.  Am.  Acad.  Arts  &  Sci.,  3;  282,  1867;  U,  S,  & 
Mex.  Bound.  Stir.,  2:  35,  1S59. 
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Plate  I.  Frcmtitpiece.  Tuna  oardona,  A  native  and  the  mnel  important  iif  Ihc 
prickly  pt^ara  of  the  mirthem  highlands  of  Mexico.     Reduced  to  one-third  natural 

Plate  II.  Harvesting  the  tuna  cardooa.  Pig.  1,  Gatherii^  tunae.for  immediate  con- 
sumption.   Fig.  2.  Pei^ling  tunas  tor  iinmediale  consumption. 

Plate  III.  Drying  tunas  (lunaa  pasadas).  Fig.  1,  Peeling  tunas  for  drying,  Monteaa, 
Mexico.     Pig.  2.  Drying  tunas  in  the  sun,  Monteea,  Mesioo. 

Plate  rv.  A  tuna  secdpr  and  several  large  prickly  poars.  Fig.  1.  A  seeder  diweeted. 
Fig.  2.  Nopal  agua-mielillo,  Dublan,  Mexico. 

Plate  V.  Prickly  pear  thickets.  Fig.  1.  .\  temporary  carap  in  a  pear  thicket  at  har- 
vest time,  State  of  Zacatocas,  Mexico.  Fig.  2.  First  crop  of  tunas  the  second  year 
from  cuttings  having  two  or  three  jointe  (nopal  manso  morado)>  San  Luis  Potosi, 
Mexico,  August  20,  IMfi. 

Plate  VI.  Seeds  of  cdihle  tunas.  Natural  size.  Fig.  I.  No.  8142,  tuna  naranjada. 
Fig.  2.  No.  8036,  tuna  cuija.  Fig.  3.  No.  8037,  tuna  ranchers.  Fig.  4.  No.  8038, 
tuna  palamita.  Fig,  5.  No.  8039,  tuna  manna  morada.  Fig.  G.  No.  8135,  tuna 
joconoxtlo.  Fig.  7.  No.  8134,  tuna  vinatera.  Fig.  8.  No.  8136,  tuna  chavefla. 
Fig.  9.  No.  8141,  tuna  paehona.  Fig.  10.  So.  8060,  tuna  tcca,  tuna  blanca  tcca. 
Fig.  11.  No.  8051,  tuna  cardona  [Opunliji  itreptacanlka).  Fig.  12.  No.  8150,  tuna 
durasnilla  colorada.  Fig.  13.  No.  8143,  tuna  duraanilla  blanca.  Pig.  14.  No. 
8146,  tuna  blanca.  Fig.  15.  Tuna  camuesa  {Opunlia  larreyi  Web.,  tyjte  fnan 
Engelmann  herbarium).  Fig.  16.  No.  8140,  tuna  camuesa  (Opunitn  larreyi^f)). 
Fig.  17.  No.80G5b,tunatapona{Opuntiaro&iMiaWendl.(7)).  Fig.  18.  No.  8065ft, 
tuna  tapona  (Opunlia  jvbusta  Wendl.). 
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FiQ.  1 .— QATHEftiNQ  Tunas  for  Immeoiate  Consumption. 


FiQ.  2.— Peeling  Tunas  for  Immediate  Consumption. 

HARVESTING    THE    TUNA    CARDONA.  ..iClO^lC 
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— Peelino  Tunas  for  DfiririG,  Montesa,  Mexico. 


Fig.  2.— Drving  Tunas  in  the  Sun,  Montesa,  Mexico. 
drying  tunas  (tunas  pasadas). 
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A  Seeder  dissected. 


Fig.  2.— Nopal  Agua-mieuluo,  Dublan,  Mexico. 
a  tuna  seeder  and  several  large  prickly  pearfe?*^^^!^ 
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PRICKLY     PEAR    THICKETS. 
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Page. 

Acid  content,  ratio  to  sugar  in  different  fruits 36 

tuna  varieties 36-36 

Agua-mielilta  tuna,  acid  content  of  pulp 35 

description  and  com  position , 52 

Al  huminoidfl,  content  of  tunaa,  discusaion 3-1 

Alcohol  precipitate  of  tunas 30-41 

Amarilla  tuna,  acid  content  of  rind 35 

dwcription  and  superiority  of  variety 42^3 

sugar  content 39 

Americana  tuna,  description  and  composition 4G 

Amids,  prMwnce  in  tunas,  discussion 35 

Analyses,  methods 3(1-31 

tuna  products 24 

Aromatic  forma  of  tunas 5(1, 57 

Ash,  content  in  alcohol  precipitate  of  tuna 40 

tunas JH2 

Blanca  teca  tuna,  description  and  composition 46 

tuna,  description  and  composition 46-48 

Cactus.     See  Tuna;  Nopal;  Prickly  pear. 

Caidilla  tuna,  similariCy  to  tuna  chaveiia 55 

Camuesa  tuna,  description  and  composition 44 

("andy,  coloring  with  tuna  product 62 

Cardona  tuna,  description  and  composition,  effects  of  storage 50-52 

digeatihility 12 

keej>ing  qualities 20 

sugar  omtent  of  rind 3fl 

rascarona  tuna,  similarity  to  tuna  chavefia 55 

Chaveila  tuna,  acid  content  of  rind ■ :!5 

description  and  composition 55 

keeping  qualities 20 

Collection  numbers  of  specimen  fruits.     Sn  Numbers. 

Colonche,  preparation,  details 27 

Coloring  matter  from  tunas,  use  in  jelly  and  candy (13 

CWk  tuna,  description  and  deleterious  effects  on  diRestion 49 

Cuija  tuna,  description  and  composition (!1 

Cuttings,  propagation  of  nopal  or  prickly  pear 10 

Cylindropuntia,  sugar  la<'king 33 

Dangers,  excessive  consumption  of  tuna  tapona 12, 49 

Dextrose,  content  of  tunas,  diseussirm 36-38 

Dried  tunas,  sugar  conKmt 39,43 

Drying,  kinds  of  tunas  and  methcMls 22,  28,  29 

Durasnilla  lilanca  tuna,  acid  content  of  pulp.. 35 

description  and  palatabilily 56 

colorada  tuna,  description  and  palataliility 5R-57 

tuna,  sugar  i-onlent  in  rind 39 
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70  INDEX. 

Echinocereui  stuKmineuB,  description  and  compoeition .\ . . .  66 

Epidermis  of  tuna,  description 13 

Factories  tor  tuna  products,  description 21 

Fruits,  various,  analysea,  comparative  table 33 

Gathering  tunas,  quantity  by  each  man  and  methods  and  tools 12,  17-19 

Glucose,  content  of  tunas 38 

Harvesting  tuna  for  immediate  consumption  and  for  market 17-19 

Honey  water  tuna,  description  and  composition 62 

Italian  tunas  iu  Washington  markets 20 

Joconoitle  tuna,  description  and  use  as  preserves 58-59 

keeping  qualities 20 

Joints  of  tuna,  culling  in  harvesting,  effects 19 

use  as  cuttings 10. 19 

Juell  tuna,  description  and  composition 05 

high  acid  content 36, 66 

Leonera  tuna,  dearription  and  composition 53 

Mansa  morada  tuna,  description  and  composition 45-46 

Mansas,  danger  of  excessive  use  as  food 12 

keeping  qualities 20 

xine.  of  name  for  cultivated  varieties 9 

See  also  Nopal;  Prickly  pear;  Tuna. 

MarRets  for  tunas,  Mexico,  customs,  price*,  etc 10-13 

Melcocha,  manufacture,  details 24 

sugar  content 39 

Mexican  strawberry,  desiTiption  and  composition 66 

Mexicana  tuna,  description  and  composition 46 

Miel  de  tuna,  manufacture,  details 24 

samples,  polarization 3T 

Mission  pear.    See  Tuna  teca. 

Mordant,  use  of  tuna 65 

Miilbfrry-ciilored  tuna,  description  and  composition 45-46 

Naranjada  tuna,  description  and  composition 44 

Ntyra  tuna,  description  and  composition 61 

Nopal,  cultivation,  Mexico 9 

description,  composition,  and  uses riJ>-fil 

name  applied  to  thomlem  varieties 9 

propagation  by  cuttings 10 

TiBP  of  name  for  white  and  spineless  varielies. 9 

Sfe  ahr>  Tuna. 
Numbers,  collection,  of  specimen  fruits: 

1,  College  Garden.    (S«  aho  Table  IV) 04 

2,  College  Garden.     (Sf*' «I«o  Table  IV) 61 

.1,  College  Garden.     (Sfe  also  Table  IV) 62, 63 

4,  College  GaHen.     (Sw  aiw  Table  IV) R4 

5.  College  Garden fi« 

1,  San  Antonio.    (See  aUo  Table  IV) 59,  fiO 

2,  San  Antonio,     (See  abo  Table  II) 59, 00 

3,  San  Antonio.     {See  aUo  Tabic  II) 59, 00 

4,  San  Antonio.     {Ste  alto  Table  II) 40, 59, 61 

5,  SanAntnnio.    (Sreolio  Table  II) 32.59,61 

6,  SanAnUinio.     (Sre  o/m  TaWe  II) 32,36,59,61 

S022.     (See  o&o  Table  IV) 41,63,64,65 
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Pwe- 
Numb^ra,  (N}lle<'tion,  of  speciiiiED  fruits — Tonlinued. 

(Ste  aUo  Table  11 ) 65-66 

(.SffoIioTabli'lV) 61-62 

(Sfc  alio  Table  IV) 41,46.48 

(Sre  al«>  Table  IV) 41,46,52 

(Ste  oho  Table  IV) 45-46 

(S«<a.o  Table  II) 46-47 

8051.    (5«<ii»oTabkIl) 15,50-52 

8057.     (St'calMTablfflllandIV) 15,32,35,42-43 

80C5a.     {See  alto  Table  II) 15, 49 

80C5h.     (See  aUo  Table  II) 49-60 

8099-     (.S.-f  alio  TablPH  II  and  IV) 15,33,39,40,60-62 

8100.     (See  aho  Table  11) 15, 33, 55-56 

8102.     [Sre  ako  Table  II) 53-54 

8119.     {See  alio  Table  II) 15,  35,  52-53 

8134.  <,See  aUo  Table  II) 40, 58 

8135.  (Sre  ai«)  Tables  II  and  IV) 15,40,68-69 

813(i.     iSte  alto  Table  II) 17, 40, 66-66 

8140.  {See  aUo  Table  11) 44-15 

8141.  i.S'ff  also  Table  11) 40,54 

8142.  [See  alio  Tal)le  II) 17, 40, 44 

8143.  (.9fc  alio  TftblfB  II  and  IV) 16,35,37,39,56 

8146,  (See  alto  Table  II) 40, 47-18 

8150.  (>S/faI*o  Tables  II  and  IV) 15,40,68-57 

8485.  (Sre  alio  Tablu  H) 33, 42-43 

8546.  (Sfe  alio  Table  II) 56 

864fi.     (See  aUo  Table  II) 64 

8547.  {See  alto  Table  II) 47-48 

Opuntia  ramanchira,  rharartcristini,  d  ixruBfkm 63 

cngelnianiiii  cuija,  description  and  cumpwition 61 

fyrlciides,  dcHcription,  romposilion,  and  uspb 61 

finiB-lndica,  varietiiti,  diwription,  and  composition 44,48 

imbricata,  ileH'rripti{)n  and  coiiipieition 65 

high  acid  eontent 36, 66 

lecvJH  ('.'),  diticriptiun  and  use  in  making  prrservi's 62 

larreyi,  description  and  mmpiiBition 44 

lindhHmeri,  diwriptiiin  and  uwh 59-61 

maenx-entra,  diwriplion  and  ii  •in  pi  wit  ion 64 

phoeai-antha,  diwription •. B.t 

nibusta,  diwription 49 

spp.     Sw  nldo  Nopal ;  Prickly  pear;  Tuna. 

Blreptai-antha,  diwriplion,  (•oniivwitinn,  and  effe<-(n  of  sloraRe 50-52 

Oisnge  tuna,  description  and  iiimpooiliim 44 

Pochoiia  tuna,  descriplion  and  composition 54 

EUamita  luna,  description  and  cici-w  of  spicules 52 

Peach,  red,  tuna,  diiicription  and  palatability 56 

white,  tuna,  description  and  imlatahilily 56 

Pectin  content  of  tuna 39 

Peeling  tunan,  d{t)cription  ol  proccNi 1 1, 28 

Peelings,  tuna,  distilled,  deleterious  I'ffwls 27 

PeijiiM,  aven^te  daily  conmimption  of  tunas 12 

Pippin,  apple,  tuna,  dcsoriptiiin  and  composition 44 
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Polarization,  tuiut  and  tuna  produeW 36-38 

Preserves,  varietieti  of  tunas 59,  fi3 

Prickly  pi'Qr,  description,  composition,  and  ukik 53  fil 

propagation  by  cullinRx 10 

Set  also  Tuna. 

Propagaliim  of  nopal  or  prickly  pear 10 

Protein,  proportion  in  tunan , a4-35 

Puddling  queeo,  description  i)f  pro<-e8s 27 

Pulp  of  tuna,  description,  analyses 16 

Queso  tuna,  manutactun',  details 215 

Ranch  tuna,  description  and  composition 48 

Ranrhera  tuna,  description  and  cumpocition 48 

Refuse,  percentage  of  whole  fruit 17 

Rind,  description  and  analyses 13-15 

Salts,  organic,  content  of  tunas 41 

Seedere  for  use  in  making  tuna  products 21 

Seeds,  deecriplion,  average  iicrcentagtf  of  weight  of  whoh^  fruit 17 

Sirup  from  prickly  pears fil 

Sodium  hydrosulphite,  use  in  decoloring  tuna  juice 38 

Solids,  total,  variations  in  different  Bampliw  of  lunas 32 

Spicules,  removal  method II 

Spineless  varieties  not  hardy 7 

Strawberry,  Mexican,  diiwription  and  composition (iC 

Sucrose,  content  of  tunas 37,  SS 

Sugar,  ratio  to  acid  in  different  fruits 3fi 

Sugara  by  reduction  in  tunas 38-39 

in  tunap,  characterislics,  percentage  for  different  varietits 3ri-39 

Tapona  tuna,  description  and  deletcrioui^  action  on  digestion 4i) 

Teca  tuna,  deecription  and  iwinposition 4(i 

Tuna  agua-mielilla,  acid  content  of  pulp 35 

di-scription  and  <'om posit  ion .12 

amaiilla,  acid  content  of  rind _ ;(5 

description  and  superiority  iif  variety 42-43 

sugar  content 3!) 

Americana,  description  and  coinp<isition 4li 

blanca,  description  and  comp(isitii>n 4(i-48 

teca,  description  and  composition 4fi 

caidilla,  similarity  to  tuna  chavefia -'« 

camuesi,  d(-scription  and  comp*ition 14 

cardona.  dcwription,  composition,  and  effects  of  storage 50-52 

digestibility 12 

sugar  content  of  rinil 3!1 

cascarona,  similarity  to  tuna  chavefla TiT} 

chavefla,  acid  content  of  rind 35 

description  and  comimsition 55 

common  namts  in  different  sections 7.8 

cuija.  description  and  composition lil 

durasnilla  blanca,  acid  content  of  pulp -Vi 

description  and  palatability 5G 

colorada,  description  and  palatability 5fi-57 

sugar  content  in  rind 3fi 

harvesting  fur  immediate  use  and  lor  market 17-lfl 
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Tuna  joconoitle,  description  and  use  ae  preserves 58-59 

juell,  description  and  composition 65 

high  »eid  content 36,(15 

leonera,  deacription  and  composition 53 

mansa  morada,  description  and  composition 45-46 

Mexicana,  description  and  composition 46 

naianjada,  description  and  composition 44 

negn,  description  and  composition fil 

pachona,  description  and  composition 54 

pttlamita,  description  and  excen  of  spicules 52 

peelings  distilled,  deleterious  effects 27 

preserves,  varieties  adapted 69,  62 

products,  analyses 24 

machinery  used 21 

preparation  and  characteristics 21-30 

proportion  of  juice  in  raw  and  manufactured  products 28 

Tsnchera,  description  and  composition 48 

tapona,  description  and  deleterious  action  on  digestioii 49 

teca,  description  and  composition 46 

use  as  mordant 65 

vinatera,  description  and  composition ■       58 

Tunas,  analyses,  methods 30-31 

composition,  various  constituents 32—42 

consumption,  average  daily 12 

dried  (pasadas  or  secas),  preparation,  packing.  Icinds  of  fruit 28 

gathering,  quantity  to  each  man  and  methods  and  tools 12, 17-19 

general  description 13-17 

keeping  qualities 19-2] 

pa«daa,  sugaC  content 39, 43 

polarization,  discussion 36-38 

V^etable  juices  used  in  dyeing  queso 26 

Vinatera  tuna,  description  and  composition 58 

White  tuna,  description  and  composition 46-48 

Yellow  tuna,  description  and  superiority  of  variety 42-43 
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[ContLnued  from  ^Aga  2  of  oover-] 
4d.  54,  PemaDGulfDatei,    IflCS.    Price,  10  cents. 

56.  TtieDi7-Rot  otPoUtoea.    1904.    Prlcx,  lOceuCe. 

56,  Nomenc^attueottha  Apple.    ISOS.    Price,  30  cents. 

ST.  UethodBUsa]loTCoDtrDlUiig'Sandl>uiisi.    IMM.    Price,  lOcniU. 

Sg.  The  ViesUtrnndaennlnatlnn  of  Seeds,    1904.    Prloa,  10  ctnts. 

».  Fastun,  If CAdow,  uid  rorsKe  Ciops  In  Ncbnuks.    laX.    Pitc«,  lOcenM. 

flO.  A  Soft  Rot  of  Che  Calls  Lily.    1904.    Price,  10  oeata.     . 

SI.  The  Avocada  In  Florida.    1904.    Pri«.£oeDti. 

K.  Not«l  on  Egyptian  Agrtoulture.    1904.    Price,  lOoeati. 

G3.  iDTWtlgatluna  nf  Riuti,    1904.    Frioe,  lOcenta. 

64.  A  Method  of  Destroying  or  Preventlug  the  Otowlh  of  Algse  and  <'ert«(n  PathogOQlc  Bacteria 

In  Water  SuppUee.    1004.    Prtcf.Scenta. 
Tu.  ReclamatlOD  of  Cape  rod  Sand  Dunea.    1904.    Price,  lOcrate. 
K.  Seeds  and  Plants  Imported.    Inventory  No.  10.    1905.    Frier,  Ueents. 
ST.  Range  InveBtlgatloUB  tn  Arir.onu.    1904.    Price.  IScente, 
SB.  North  American  Spedee  of  Afcrostla.    19<K.    Price,  10  cents, 
m.  American  Varieties  of  Lelluoe.    1904.    Price,  ISoents. 
TO.  ThsCommen^al  Status  olDiiAaDi^\')iest.    1901.    Fries,  lOevnlH. 
71.  Soil  iDooulstlonforLfgumes,    I90S.    Price,  16  osnta. 
71,  MkiceUanBoua  Papen.    190S.    Price,  Scente. 
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LEHER  OF  TRANSMIHAL 


U.  S.  Department  op  Agbicultuke, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Waahin^n,  D.  C,  August  20, 1907. 
Sib:  I  have  the  honor  to  transmit  herewith,  and  to  recommend 
for  puhlication  as  Bulletin  No.  117  of  the  series  of  thb  Bureau,  the 
accompanying  manuscript  entitled  "The  Reseeding  of  Depleted  Range 
and  Native  Pastures,"  by  Dr.  David  Griffiths,  Assistant  Agriculturist, 
Farm  Management  Investigations. 

This  paper  embodies  the  results  of  successful  experiments  in  the 
reseeding  of  native  pastures  and  points  out  the  character  of  the 
regions  wherein  success  may  be  expected  from  the  use  of  seed  fol- 
lowed by  little  or  no  cultivation. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  Jahes  Wilson, 

Secretary  of  AgricnUure. 
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THE  RESEEDING  OF  DEPLETED  RANGE  AND 
NATIVE  PASTURES 


INTBODUOTZOV. 

The  most  frequent  inquiries  referring  to  range  management  and 
improvement  relate  to  the  reseeding  of  native  pastures  which  have 
been  reduced  in  productiveness  by  neglect  and  mismanagement. 
The  following  pages,  based  upon  observations  and  investigations 
covering  a  period  of  ten  years,  g^ve  only  a  brief  summary  of  informa- 
tion. The  subject  is  important  to  the  entire  country,  for  native  or 
seminative  pastures  are  common  even  in  thickly  settled  communities 
of  the  East;  but  the  discussion  herein  relates  primarily  to  what 
was  once  the  great  free-grass  country  west  of  the  Missouri  River, 
which  even  in  its  most  thickly  settled  areas  still  produces  much 
forage  upon  virgin  soil. 

FOPTTLAS  OOHDEFTIOBB  OF  BBSKBDINO  BANOXS. 

The  very  subject  of  reseeding  presupposes  a  lack  of  cultivation  or 
other  artificial  means  of  increasing  feed  production.  It  is  often  dif- 
ficult to  draw  a  distinction  between  native  and  tame  pastures,  for 
when  any  improvement  is  made  in  an  artificial  way  through  tillage 
or  reseeding  the  pasture  becomes  a  tame  pasture  in  proportion  to  the 
till^e  and  seed  used.  For  the  purposes  of  this  discussion  a  liberal 
interpretation  is  adopted  to  permit  a  discussion  of  any  grade  of 
pasture  up  to  a  thoroughly  tilled  one  of  tame  grasses. 

The  opinion  is  prevalent  in  range  sections  that  any  improvement 
in  native  pastures  ought  to  be  and  must  be  made  by  simply  sowing 
seed  and  giving  it  no  attention  other  than  to  pasture  the  crop  that 
it  produces.  In  other  words,  that  a  grass,  a  shrub,  or  some  other 
forage  plant  should  be  found  which  when  scattered  among  native 
vegetation  will  supplant  that  vegetation,  at  least  in  part.  It  is 
expected  that  plants  may  be  introduced  which  will  be  better  adapted 
to  the  prevailing  conditions  than  those  which  have  found  lodgment 
there  and  managed  to  develop,  continually  becoming  better  adapted 
to  the  surrounding  environment  through  past  centuries.  While 
such  an  accomplishment  is  not  at  all  impossible,  the  chances  are 
10642— Bal.  117— 07 2  ,         CiOtHjK: 
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many  to  one  gainst  success  in  such  a  venture.  Plants  introduced 
through  seeding  and  allowed  to  shift  for  themselves  seldom  succeed, 
and  success  is  attained  in  such  cases  only  when  they  have  particular 
characteristics  and  are  placed  under  pecuharly  suitable  conditions. 

BBSItXTS  AOOOHPLISHSID. 

The  State  agricultural  experiment  stations  located  in  the  stock- 
range  sections,  some  independently  and  some  in  cooperation  with 
the  Department  of  Agriculture,  have  given  much  thought  and  atten- 
tion to  the  feature  of  range  improvement  by  reseeding  in  all  its 
phases.  The  Department  alone  in  a  single  year  gathered  and  dis- 
tributed nearly  four  tons  of  seed  of  native  grasses,  which  was  mostly 
used  in  experiments  in  the  improvement  of  native  pasture  lands:  A 
lai^  quantity  of  seed  of  cultivated  varieties  of  forage  plants  has 
been  employed  ajso,  and  various  grades  of  cultivation,  ranging  from 
»mply  scattering  seed  to  nearly  thorough  cultivation,  have  been 
resorted  to.  These  lines  of  work  have  extended  over  a  period  of  ten 
years  or  more  with  profitable  results. 

NATIVE    SPECIES. 

There  is  logic  in  the  supposition  that  species  growing  imder  ^ven 
conditions  are  better  adapted  to  those  conditions  than  introduced 
species  and  that  they  will  thrive  better  when  encouraged  by  scat- 
tering and  by  partially  covering  their  seeds  than  introduced  kinds 
until  conditions  are  more  or  less  changed.  These  changes  may  be 
brought  about  by  the  destruction  of  the  native  vegetation,  by  over- 
grazing, by  thorough  cultivation,  or  by  any  other  means  which  inter- 
feres with  the  natural  order  of  the  development  of  the  plants.  In 
other  words,  when  for^e  plants  are  introduced  it  is  usually  neces- 
sary to  give  them  special  care  in  order  that  they  may  be  able  to 
compete  with  native  species.  This  applies  to  practically  ail  culti- 
vated crops.  There  are  certain  notable  exceptions  to  this  general 
rule  in  certain  special  natural  conditions,  and  it  is  these  exceptions 
that  are  of  especial  interest. 

Acting  upon  the  suggestion  that  the  native  species  are  best  adapted 
to  the  natural  conditions  in  which  they  are  found,  much  time  was 
spent  by  the  State  agricultural  experiment  stations  and  by  the 
Department  of  Agriculture  a  few  years  ago  in  experimenting  with 
the  reseeding  of  native  pastures  with  native  species.  Large  quan- 
tities of  native  seed  were  gathered  and  planted  under  various  con- 
ditions. 

There  are  many  difficulties  in  the  way  of  improving  native  pas- 
tures by  the  use  of  seed  of  native  species,  the  chief  obstacle  being 
the  difficulty  of  securing  the  required  seed.    Many,  possibly  the 
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majority,  of  our  best  native  species  of  forage  plants  have  such  poor 
seed  habits  that  it  is  difficult  to  reduce  the  expense  of  gathering 
them  to  an  economic  basis.  There  is  usually  no  trouble  in  getting 
small  quantities  of  seed  and  in  growing  the  plants  in  conventional 
grass-garden  plots  upon  an  experimental  basis  and  under  thorough 
cultivation,  but  this  is  a  very  different  thing  from  the  reseeding  of 
native  pastures,  with  little  or  no  cultivation. 

Another  obstacle'  is  the  difiiculty  of  judging  the  seasons  properly. 
Seed  is  more  likely  to  be  collected  during  a  favorable  season  when 
the  crop  is  good,  and  it  is  then  sown  in  the  following  year.  The 
next  season  after  a  favorable  one  is  more  than  likely  not  to  be  favor- 
able for  seed  germination.  The  fact  is  commonly  lost  sight  of  that, 
although  one  is  placing  the  seed  of  native  species  under  conditions 
more  or  less  similar  to  those  found  in  nature,  when  one  gathers  and 
sows  seed  uppn  uncultivated  soil  the  chances  are  gainst  its  success. 
The  likelihood  of  seed  of  perennial  species  of  grasses  growing  under 
natural  conditions  is  very  small  as  a  usual  thing;  and  it  is  the  per- 
ennials that  are  most  valuable.  To  maintain  a  perennial  species  it 
is  necessary  for  its  seed  to  grow  but  seldom.  Then  when  it  is  con- 
sidered that  many  species  propagate  vegetativeiy  we  recognize  how 
uncertain  the  chances  are  for  reproduction  from  seed  sown  unless  the 
soil  receives  some  artificial  treatment  in  the  shape  of  cultivation  for 
the  subjugation  of  competing  native  plants.  Our  best  cultivated  pas- 
ture grasses  to-day  ^re  Kentucky  bluegrass  for  the  North  and  Ber- 
muda grass  for  the  South.  But  the  propagation  of  these  grasses  from 
seed  is  far  from  satisfactory,  for  under  the  most  favorable  range  con- 
ditions it  would  take  at  least  three  or  four  years  to  thoroughly  estab- 
lish bluegrass.  It  is  difficult  in  the  first  place  to  procure  the  seed  of 
native  species;  in  the  second  place,  the  seed  obtained  is  often  of  poor 
germinating  quality,  because  many  of  the  plants  habitually  get  along 
without  the  use  of  seed,  which  they  produce  imperfectly;  and,  in  the 
third  place,  it  is  difficult  to  sow  the  seed  at  the  proper  season,  for 
in  the  arid  West  it  is  only  in  favorable  seasons  that  conditions  are 
suitable  for  seed  germination.  It  may  therefore  happen  that  seed 
failing  to  germinate  would  have  been  successful  if  sown  in  a  more 
favorable  season.  It  will  be  readily  perceived,  therefore,  why  the  list 
of  native  forage  plants  which  have  been  successfully  used,  even  on 
a  small  scale,  in  the  renovation  of  native  pastures  is  small,  although 
there  are  many  species,  no  doubt,  that  can  be  domesticated  when 
serious  attention  is  devoted  to  the  subject. 

Upon  the  eastern  slope  of  the  Black  Hills  of  South  Dakota  some 
farmers  have  improved  their  meadows  by  sowing;  seed  of  western 
wheat-grass  {Agropyron  occidentale)  which  they  collected  from  their 
hay  crops.     Here,  however,  in  the  main,  good  results  are  secured  by 
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irrigation.  Water  is  commonly  applied  to  raw  prairie  land,  which 
in  a  ahort  time,  if  the  drainage  is  proper,  will  produce  good  crops  of 
this  grass  to  the  exclusion  of  almost  everything  else.  The  grama 
grasses,  especially,  under  this  treatment  disappear  very  rapidly 
before  this  species,  which  propagates  by  creeping  rootstocks.  Too 
much  water  or  improper  drainage,  on  the  other  hand,  causes  this 
western  wheat-grass  to  be  replaced  in  turn  by  rushes  (Juncus  spp.) 
and  sedges  ( Oarex  sppOt  ^s  is  the  case  in  many  ardas  of  Montana  and 
Wyoming.  This  is  especially  noticeable  in  certain  cities  of  South 
Dakota  where  artesian  water  is  employed  in  exoesa  upon  lawns  of 
native  grasses. 

Something  may  be  done  with  western  wheat-grass  in  a  small  way 
to  improve  native  pastures  in  some  of  the  western  prairie  States  if 
the  seed  ia  covered  by  harrowing  and  careful  attention  is  paid  to 
seeding  in  favorable  seasons  only.  It  is  next  to  useless  to  sow  without 
any  cultivation,  and  with  cultivation  the  expense  would  be  prohib- 
itive except  on  a  small  scale  where  labor  can  be  used  for  the  work  in 
slack  times  when  not  needed  for  other  purposes,  and  even  then  it  is 
quite  probable  that  greater  returns  would  be  secured  by  placing  the 
ground  in  a  thorough  state  of  cultivation  and  seeding  to  some  well- 
tried  tame  grass. 

Bunch-grass  {Agropyron  spicatum)  has  been  used  succesafully  on 
a  small  scale  upon  denuded  pastures  in  eastern  Washington,  but  at 
almost  prohibitive  expense,  l^ands  in  this  section  once  well  stocked 
with  this  species  recuperate  slowly  under  protection  from  overgrazing, 
even  without  artificial  seeding. 

A  closely  related  species  ( Elymua  triticoides)  generally  inhabits  the 
low,  moist,  nonalkaline  bottoms  in  the  Great  Basin  country,  but 
also  extends  into  the  interior  valleys  of  California.  Several  unsuc- 
cessful attempts  have  been  made  to  use  this  species,  but  the  writer 
considers  all  of  the  experiments  known  to  him  ill  advised.  This  grass 
is  adapted  to  low  bottoms  which  receive  at  least  one  flooding  each  year. 
Its  seed  habits  are  first  class,  and  it  resembles  western  wheat-grass 
in  both  habit  and  general  appearance.  In  many  localities  in  north- 
eastern Nevada  and  southeastern  Oregon  this  grass  has  spread  to 
sagebrush  land  and  produced  good  crops  under  the  influence  of  partial 
irrigation  in  the  shape  of  a  single  diversion  of  spring  flood  waters  on 
the  lower  sagebrush  areas  along  the  grassy  bottoms.  This  species  and 
Poa  ludda  vie  with  each  other  for  supremacy  under  such  treatment. 

A  number  of  ranchers  in  the  Rocky  Mountain  and  Great  Basin 
regions  have  recorded  successful  attempts  at  growing  giant  ryegrass 
(Elijmus  condensatus} .  The  seed  habits  of  this  grass  are  good,  but 
it  is  very  coarse,  and  consequently  in  sections  where  there  is  a  liberal 
supply  of  finer  and  less  fibrous  feeds  it  is  not  in  favor.     It  is  stoutly 
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maintained  by  ranchers  in  some  sections  that  stock  will  not  eat  it, 
but  the  common  experience  of  stockmen  shows  that  cattle  eat  what 
they  have  to  eat.  In  many  sections  it  is  a  highly-prized  species  and  is 
often  cut  for  hay.  It  is  very  tenacious  when  thoroughly  established 
and  will  grow  in  soil  which  is  quite  alkaline. 

The  list  of  native  species  which  have  been  successfully  used  in 
reseeding  or  increasing  the  feed  upon  the  range  with  a  minimum  of 
artificial  treatment  is  small  and  confined  almost  entirely  to  the 
wheat  and  rye  grasses  previously  mentioned. 

CUI.TIVATED    SPECIES. 

There  ere  a  few  species  of  cultivated  forage  plants  which  have 
been  introduced  successfully  for  the  restoration  and  improvement 
of  native  pastures  and  meadows.  In  mountain  meadows  redtop 
(AffTosHa  alba)  and  timothy  {PJiieum  praiense)  are  without  doubt  the 
most  important.  (See  PI.  I,  figs.  1  and  2.)  There  are  many  localities, 
especially  in  the  Rocky  Mountain  and  the  coast  ranges,  where  native 
sedgy  and  weedy  vegetation  has  been  very  largely  replaced  by  the 
judicious '  use  of  seed  of  these  grasses.  Remarkably  good  stands  of 
both  were  to  be  seen  in  the  Kootenai  Mountains  of  Montana  as  early 
as  1897.  These  had  been  established  by  one  or  two  seedings  in  late 
autumn  with  no  cultivation  whatever.  Experiments  in  which  the 
Department  of  Agriculture  was  interested  conducted  in  1897  with 
timothy  in  the  Big  Horn  Mountains  of  Wyoming  were  successful  in 
producing  a  decided  increase  in  the  yield  of  .pastures  at  an  altitude 
of  7,000  feet  and  also  in  creek  bottoms  at  an  altitude  of  4,500  feet. 

The  experience  of  some  of  the  most  successful  live-stock  owners 
in  the  United  States  furnishes  ample  proof  of  the  value  of  redtop  and 
timothy  in  moist  situations.  Both  with  partial  tillage  and  with  no 
tillage  these  men  have  successfully  sown  seed  in  quantities  of  a  ton 
upon  moist  meadows  around  Steins  Mountains  in  eastern  Oregon. 

Some  of  the  meadows  established  around  the  edges  of  the  sinks 
above  the  alkaline  soils  by  scattering  the  seed  of  redtop  and  timothy 
upon  lands  subsequently  irrigated  by  spring  flood  waters  have 
produced  excellent  permanent  pastures  of  these  two  grasses,  with 
little  or  no  cultivation.  In  some  cases  where  the  grasses  have  been 
established  along  the  upper  courses  of  draws  and  creeks  the  seed  has 
subsequently  been  slowly  washed  down  the  valley,  producing  gradu- 
ally a  decided  change  in  the  meadows  of  the  creek  bottoms.  Through- 
out the  Rocky  Mountain  region  especially  these  two  grasses  are 
widely  scattered,  having  become  disseminated  from  hay  and  other 
horse  feed  hauled  into  the  mountains,  as  well  as  by  systematic  effort. 
It  is  generally  well  understood  that  these  grasses  are  most  promising 
for  reseeding  ranges,  and  many  ranchers  have  made  more  or  less 
systematic  attempts  to  introduce  them  upon  private  holdings. 
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In  addition  to  tliesp,  red  clover,  white  clover,  and  orchard  gr&as 
have  been  used  succeaafully  in  a  more  limited  way  in  nioimtain 
meadows  and  upon  cleared  woodlands. 

Fall  planting  will  without  doubt  prove  most  advantf^eous  in  such 
situations  on  account  of  the  difficulty  of  reaching  the  meadows  early 
in  the  spring,  as  well  as  on  account  of  the  nature  of  the  soil.  It  is  a 
very  noticeable  fact  that  the  ground  dries  out  rapidly  after  the  snows 
disappear  in  the  spring  in  all  the  mountains  of  the  extreme  West 
and  Southwest.  The  soil  is  .very  coarse  and  loose,  and  consequently 
dries  out  quickly.  Sometimes  the  surface  soil  a  few  feet  from  a 
melting  snowdrift  is  too  dry  for  seed  germination.  Fall  planting  will 
then  be  most  successful,  for  it  will  utihze  the  moisture  to  the  greatest 
possible  extent,  causing  the  seed  to  germinate  over  the  widest  area 
.possible.  Care  must  be  exercised  to  plant  late  in  the  autumn  so  that 
no  germination  will  take  place  until  spring.  Seeding  on  the  early 
snows  is  often  a  good  practice,  for  then  the  seed,  especially  if  it  be 
timothy  or  alsike  clover,  is  carried  into  the  ground  sufficiently  to  be 
covered.  Redtop  ought  to  be  brushed  or  lightly  harrowed,  for  its 
seeds  do  not  cover  as  easily  and  are  more  likely  to  be  blown  away  by 
the  wind  or  to  be  washed  away  by  the  flood  waters. 

The  methods  employed  in  introducing  these  grasses  into  mountain 
meadows  vary  greatly.  Sometimes  the  seed  is  scattered  upon  the 
anow;  at  other  times  it  is  sown  in  autumn  on  comparatively  dry 
ground  or  in  the  spring  upon  wet  ground  as  the  snow  melts.  The 
efficiency  of  the  different  methods  will  depend  largely  upon  the  locality 
and  the  moisture  conditions.  On  the  whole,  late  fall  seeding  will  prove 
most  successful  when  no  cultivation  is  practiced.  Early  spring  sowing 
will,  however,  give  good  results  if  the  ground  remains  moist  enough 
for  seed  germination  until  the  plants  can  become  established.  A 
great  deal  depends  upon  the  altitude  of  the  meadows  to  be  seeded 
and  the  character  of  the  soils  of  which  they  are  composed.  Harrow- 
ing with  brush  or  with  a  spike-tooth  harrow  can  usually  be  resorted 
to  with  profit,  but  further  cultivation  must  be  done  with  good  judg- 
ment if  the  topography  and  soil  are  such  that  erosion  is  likely  to  occur. 
Good  results  have  been  secured  from  all  methods.  Even  when  sown 
upon  sedgj'  meadows  with  no  cultivation,  timothy  and  redtop  espe- 
cially often  supplant  the  native  vegetation  in  very  lai^e  measure,  but 
usually  the  more  sedgy  portions  remain  permanently  and  the  intro- 
duced grasses  obtain  control  of  the  edges  of  the  meadows  in  the  more 
loose  friable  soils  commonly  found  close  to  the  willows,  the  redtop 
becoming  more  prevalent  in  the  more  moist  situations. 

Indeed,  the  willow  lands  in  mountain  meadows  are  well  adapted  to 
the  growth  of  timothy.  There  are  considerable  areas  which  could  be 
ver>'  much  improved  in  the  (|uality  of  their  feed  if  shrubbj'  willows  were 
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removed  and  timothy  and  redtop  sown.  The  soil  in  these  situations 
is  always  loose,  porous,  and  rich  in  hmnus,  and  is  moist  the  greater  part 
of  the  year,  furnishing  good  conditions  for  the  growth  of  these  grasses. 
The  growth  of  timothy  upon  willow  lands,  with  little  or  no  cultivation, 
is  successfully  carried  on  in  the  Okonogan  Valley  of  Washington. 
Here  it  is  a  common  practice  to  grub  out  the  willow  thickets  and 
scatter  timothy  seed  with  no  further  preparation  of  the  soil  than  to 
remove  the  willow  stumps  and  leave  the  ground  as  smooth  as  possi- 
ble. In  two  or  three  years  with  proper  care  a  good  timothy  hay 
meadow  is  obtained.  The  same  treatment  would  transform  many 
mountain  willow  areas  into  much  improved  pastures  or  meadows. 

The  fact  that  the  areas  are  subjected  to  inundations  in  the  spring 
is  not  always  prohibitive,  for  timothy  withstands  cold  running  water 
very  well.  Instances  have  come  under  the  observation  of  the  writer 
in  eastern  Oregon  where  timothy  meadows  have  been  flooded  with 
shallow  running  water  in  the  spring  for  a  period  of  two  weeks  without 
apparent  injurj'. 

Any  work  upon  the  extension  of  mountain  meadows  by  the  removal 
of  the  brush  about  the  edges  must  be  done  with  rare  judgment  and 
care,  for  the  conditions  are  such  that  the  temporary  destruction  of 
the  brush  cover  of  these  areas  will  often  lead  to  erosive  action  that 
will  destroy  the  entire  meadow.  This  is  especially  true  of  many  of 
the  small  meadows  of  the  Sierra  Mountains  of  California,  where  con- 
sidei>able  work  has  been  done  by  the  Department  of  Agriculture. 
(See  PI.  II,  fig.  1.)  Here  it  would  be  hazardous  to  destroy  even  the 
sedge  turf,  for  it  is  underlain  by  a  soil  that  erodes  easily.  In  many 
cases  plowing  would  result  in  an  erosion  that  would  drain  and  com- 
pletely destroy  the  meadow.  Supplanting  the  sedgy  vegetation, 
which  is  of  less  value,  by  easily  introduced  species  which  will  furnish 
more  feed  with  little  or  no  cultivation  is  to  be  recommended  in  such, 
situations. 

Redtop  is  of  more  importance  in  many  places  than  timothy.  It 
has  the  advantage  of  being  adapted  to  moist  situations.  It  is  often 
difhcult  to  determine  whether  a  given  meadow  is  better  adapted  to 
timothy  or  to  redtop  without  a  complete  seasonal  knowledge  of  the 
locality  where  the  experiment  is  to  be  tried.  Usually  in  every 
meadow  some  areas  are  better  adapted  to  one  than  the  other,  and 
consequently  the  use  of  both  in  the  improvement  of  native  meadows 
is  to  be  recommended, 

Redtop  commonly  does  not  make  a  showing  as  soon  as  timothy, 
but  it  lasts  longer  and  gradually  drives  out  the  latter  on  all  soils  to 
which  it  is  adapted.  Its  ability  to  extend  its  distribution  by  means 
of  running  rootstocks  gives  it  an  advantage.  Of  course  it  is  not  to 
be  expected   that  either  of  these  grasses  will   produce  inmiediate 
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results  when  sown  among  native  vegetation  in  this  way  without  cul- 
tivation. The  results  come  gradually.  It  is  really  a  remarkable 
thing  that  cultivated  plants  should  be  able  to  compete  at  all  with 
native  vegetation  in  its  native  habitat.  Kedtop  is  more  difficult  to 
establish  than  timothy,  mainly  because  of  the  difference  in  their 
seeds,  the  seeds  of  the  latter  being  more  easily  covered  than  those  of 
the  former.  Covering  the  seed  is  much  more  important  with  redtop 
than  with  timothy.  If  no  cultivation  is  given  redtop  should  be  sown 
in  the  fall  just  before  the  first  snows  come,  and  this  is  probably  the 
best  tisLe,  all  things  considered,  for  timothy  seeding  as  well.  This  is 
doubtless  the  surest  way  to  get  the  seed  into  the  ground  sufficiently 
for  germination  to  take  place.  Owing  to  the  difficulty  of  judging 
accurately  the  areas  which  are  best  adapted  to  each  crop,  it  is  advis- 
able to  sow  a  mixture  of  timothy  and  redtop.  The  first  will  make  a 
showing  earlier  than  the  latter,  but,  especially  in  the  moister  situa- 
tions, will  eventually  be  supplant^  by  it. 

Kentucky  bluograss  {Poa  pratensis),  a  distinctive  pasture  grass,  is 
exceedingly  aggressive  and  is  adapted  to  and  is  becoming  firmly  estab- 
lished in  the  eastern  edge  of  the  cattle  countT7  .  It  is  working  west- 
ward into  the  western  plains  region.  (See  PI.  Ill,  fig.  1.)  Its  spread 
is  due  to  no  intentional  assistance  from  man,  but  it  is  spreading,  nev- 
ertheless, very  rapidly  under  the  grazing  conditions  obtaining  in  this 
region.  The  indications  now  are  that  ail  of  the  small  draws  and 
ravines  of  native  pastures  far  into  western  Kansas  and  Nebraslta  will 
eventually  be  lai^ely  taken  by  this  grass  without  any  assistance. 
Farther  east,  in  the  brushy  regions  of  Arkansas  and  Missouri,  it 
spreads  rapidly  under  the  influence  of  such  grazing  as  will  keep  in 
check  the  more  aggressive  native  grasses  and  brush,  and  indeed  is 
now  the  main  pasture  grass  over  large  sections  of  this  r^on,  so  firmly 
has  it  become  established. 

It  is  entirely  practicable  to  assist  the  spread  of  Kentucky  bluegrass 
by  seeding  it  upon  uncultivated  land.  It  should  not  be  expected  to 
furnish  full  stands  in  a  short  time.  Indeed,  it  will  take  two,  three,  or 
four  years  to  get  a  stand  in  favorable  regions,  and  a  proportionally 
longer  time  in  other  situations  where  the  conditions  of  rainfall  are  less 
favorable.  On  the  whole,  fall  seeding  will  probably  give  the  best 
results,  and  light  harrowing  with  a  fine-tooth  harrow  will  add  to  the 
success  obtained.  When  there  is  sufficient  rainfall  in  .autumn  to 
germinate  the  seed  it  will  be  profitable  to  sow  then,  if  it  can  be  done 
early  enough  to  allow  the  grass  time  to  become  thoroughly  established 
before  the  ground  freezes;  if  not,  then  it  should  be  seeded  too  late  in 
the  fall  for  germination  during  that  season.  In  the  western  prairie 
States  when  it  is  desirable  to  supplant  the  native  vegetation  by  blue- 
grass,  the  attempts  should  be  first  made  in  favored  localities  in  creek 
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and  river  bottoms  aad  in  draws  and  ravines  where  the  lands  are 
heavier  and  the  moisture  more  abundant  than  upon  the  uplands.  In 
central  Kansas  and  Nebraska,  and  especially  eastward,  conditions  are 
more  favorable  for  success  on  the  uplands  still  used  for  pasture 
purposes. 

On  the  whole,  some  of  the  standard  forage  plants  mentioned  have 
produced  more  permanent  benefit  in  the  improvement  of  native 
pastures  and  meadows  than  either  of  the  other  two  classes.  Their 
application,  however,  is  limited  to  the  conditions  described. 

INTRODUCED    WEEDY   BPBCIES. 

In  certain  sections  of  the  United  States  af^gressive  annual  plants 
have  supplanted  in  a  great  measure  the  native  vegetation  and  now 
furnish  a  large  part  of  the  feed  on  the  uncultivated  lands.  Striking 
examples  are  found  over  large  areas  of  California  and  Arizona  and  in 
the  Columbia  basin  where  the  introduced  plants  are  often  much 
more  abundant  than  the  natives. 

It  is  a  noticeable  fact,  however,  that  all  of  these  introductions  were 
purely  accidental.  All  of  the  annual  introduced  weedy  plants 
which  are  so  prominent  and  many  of  which  are  so  important  from  a 
for^e  standpoint  in  the  floras  of  the  regions  mentioned  have  been 
introduced  without  conscious  effort,  although  by  the  agency  of  man. 

Most  prominent  among  these  is  alfilenlla,  which  is  supposed  to  have 
been  introduced  from  the  Mediterranean  region  of  Europe,  but 
'which  apparently  finds  a  more  congenial  bon}e  in  America  than  in  its 
original  habitat.  It  is  now  found  in  both  high  and  low  altitudes  of 
western  America  from  the  Canadian  border  to  the  hotter  regions  of 
southern  Mexico.  It  is  only  in  limited  localities,  however,  that  it  has 
gained  prominence.  The  conditions  necessary  for  its  best  develop- 
ment appear  to  be  mild,  moist  winter  weather.  Such  conditions  are 
furnished  in  portions  of  Cahfomia  especially.  In  southern  Arizona 
the  winters  are  mild  enough,  but  the  moisture  is  often  lacking  or 
improperly  distributed,  so  that  the  crops  produced  fluctuate  greatly. 
In  some  seasons  small  crops  of  hay  of  this  plant  may  be  cut  in  favor- 
able desert  areas,  but  usually  it  furnishes  but  indifferent  grazing. 
The  crop  of  the  spring  of  1906  was  the  heaviest  ever  known.  Its 
range  of  adaptability  is  shown  by  the  fact  that  it  matures  in  April 
upon  the  levels  of  the  Salt  River  valley,  while  it  may  not  mature  until 
June  upon  the  higher  levels  of  the  Colorado  slope  of  the  San  Francisco 
Mountains.     (See  PI.  Ill,  fig.  2.) 

No  experiments  yet  conducted  have  been  successful  in  introducing 
alfilenlla  upon  the  ranges  and  having  it  care  for  itself  and  spread  with 
any  degree  of  rapidity,  although  many  attempts  have  been  made. 
Seedings  made  in  the  Santa  Rita  Mountains  in  the  summer  of  1906 
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germinated  quite  well  the  following  winter,  the  first  time,  it  is  believed, 
that  even  this  much  haa  been  definitely  accomplished.  The  plant 
has,  however,  been  spread  apparently  by  sheep,  and  some  ranchmen 
have  made  systematic  efforts  to  spread  it  by  methods  of  grazing,  but 
there  is  very  little,  if  any,  definite  knowledge  at  present  as  to  the 
best  way  to  handle  the  plant.  The  probability  is  that  if  seed  is 
secured  and  scattered  before  a  favorable  season,  success  may  be  had  in 
spreading  it.  The  main  consideration  is  to  scatter  the  seed  before  a 
season  favorable  to  ita  germination. 

Wild  oats  (Avena  spp),  of  which  there  are  two  species  of  impor- 
tance in  California,  forms,  with  alfilerilla,  the  most  important  feed 
in  many  sections.  Like  alfilerilla,  little  success  has  been  had  in 
attempts  to  spread  either  of  the  species  on  the  range,  although  one 
of  them  occurs  in  abundance  in  cultivated  lands  in  many  sections  of 
the  United  States  and  in  other  parts  of  the  world.  One  of  the 
.  species  is  sometimes  found  in  the  Huachuca,  Santa  Catalina,  and 
other  mountains  of  southern  Arizona.  Seed  sown  in  the  Santa  Rita 
Mountains  germinated  in  the  winter  of  1907  for  the  first  time, 
although  it  was  sown  there  on  several  previous  occasions.  Seeding 
with  this  grass  will  succeed  better  when  it  is  covered  with  a  harrow. 
Besides  the  grasses  previously  mentioned  there  is  a  group  of  brome- 
grasses  (Bromus  spp.)  which  have  become  exceedingly  abundant  in 
the  Pacific  coast  country.  These  species  furnish,  on  the  whole, 
rather  poor  feed,  but  on  account  of  their  aggressiveness  they  are 
of  a  great  deal  of  importance.  Tho  feed  is  of  low  grade  for  several 
reasons.  These  grasses  mature  in  early  summer  and  like  nearly  all 
annuals  are  of  low  nutritive  value  after  maturity.  The  seeds  of 
some  species  are  very  annoying  to  stock,  especially  sheep,  and  even 
when  young,  green,  and  succulent,  the  plants  are  pulled  up  by  the  roots 
and  are  consequently  not  easily  grazed  by  stock.  These  brome- 
grasses  have  invaded  the  coast  territory  by  the  assistance  of  man, 
but  in  spite  of  his  conscious  intentions.  While  they  furnish  con- 
siderable feed,  it  is  not  only  of  an  inferior  quality,  but  some  of  the 
species  cause  considerable  direct  injury  through  crowding  out  plants 
of  more  value.  (See  PI.  II,  fig.  2.)  The  shepherd  has  to  remove 
his  flocks  from  the  tucolote  (Brotnus  maximus)  areas  of  California 
when  the  seeds  ripen,  on  accoimt  of  the  injury  done  to  the  feet, 
mouths,  and  eyes  of  his  flocks  by  the  sharp-pointed  seeds  of  these 
grasses.  On  the  whole,  it  is  doubtful  whether  the  introduction  of 
this  species  has  not  been  a  positive  detriment  to  the  stock  interests 
of  California.  The  crowding  out  of  other  plants  and  the  injury  done 
to  stock  in  many  cases  at  least  more  than  counterbalance  the  value 
of  the  feed  produced  by  it.  In  the  same  category  with  tucolote 
may  be  mentioned   wall-barley    (Ilordeum   munnum)  which,  when 
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properly  handled,  makes  a  fair  quality  of  hay  and  pasture,  but  is 
troublesome  in  meadows  if  allowed  to  mature  before  being  cut. 

To  this  group  of  aggressive  weedy  annuals  belongs  the  Russian 
thistle,  which  is  such  a  menace  in  the  prairie  States  upon  cultivated 
lands.  In  portions  of  the  Southwest,  especially  along  the  Santa  Fe 
Railway  in  New  Mexico  and  Arizona,  it  ia  spreading  rapidly.  While 
it  is  pernicious  in  the  cultivated  plains  regions  mentioned,  it  adds 
somewhat  to  the  forage  supply  and  probably  interferes  very  little 
with  valuable  native  species  in  the  and  regions  of  small  forage  pro- 
duction. 


To  one  who  is  familiar  with  the  range  country  in  general  there 
are  evident  principles  involved  which  can  not  but  be  recognized  as 
fundamental  in  introductions  of  grasses  of  the  kind  considered  in 
these  pages. 

The  introduced  plants  which  have  become  conspicuous  upon 
uncultivated  sodded  lands  of  this  country  are  much  less  numerous 
than  those  which  have  become  established  upon  unsodded  lands. 
The  plants  which  establish  themselves  in  each  section  differ  very 
radically  in  their  habits  of  growth. 

The  only  introduced  forage  plant  which  has'  become  at  all  con- 
spicuous and  aggressive  in  the  prairie  States  in  competition  with  the 
native  plants  is  Kentucky  bluegrass,  which  is  a  perennial  and  spreads 
of  its  own  accord  by  miming  rootstocks  rather  than  by  seed.  The 
plants  which  have  become  established  in  the  unsodded,  imcultivated 
Southwest  and  in  the  Columbia  Basin  are  annuals  requiring  but  a 
short  period  of  growth  for  their  development  and  having  good  seed 
habits.  The  Russian  thistle,  some  of  the  mustards  (Sisymbrium  spp. 
and  Brassica  spp.},  and  other  weeds  are  well  established  in  cultivated 
fields,  but  they  do  not  compete  at  all  with  native  species.  They  per- 
sist in  neglected  fields  and  upon  the  prairies  to  some  extent,  but  only 
in  gopher  knolls  and  other  partially  cultivated  situations.  They  do 
not  compete  with  the  native  vegetation  on  untouched  prairie  soils. 
On  the  other  hand,  no  introduced  perennials  have  become  established 
and  aggressive  upon  the  unsodded  soils  of  -the  Southwestern  States, 
The  nearest  approach  to  their  establishment  is  in  the  case  of  Bermuda 
grass  (CyTiodon  dactyhn)  and  Johnson  grass  {Sorghum  lialapejise) , 
but  they  become  conspicuous  only  in  favored  localities  and  mostly 
in  cultivated  or  partially  cultivated  fields  and  moist  situations  which 
are  capable  of  being,  if  not  actually,  sodded. 

It  seems,  therefore,  that  the  plants  which  have  the  best  chances  of 
becoming  established  without  cultivation  in  the  unsodded  south- 
western soils  are  what  are  termed  weedy  annuals  with  good  seed 
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habits.  As  illustrations  may  be  mentioned  those  which  have  become 
conspicuous  over  lai^e  areas,  such  as  the  brome-grasses,  wild  oats, 
and  alfilerilla.  The  chances  of  introducing  plants  which  will  become 
aggressive  on  uncultivated  sodded  lands  are  much  less  than  on 
unsodded  areas. 

The  two  types  of  regions  discussed  in  these  pages  are  so  entirely 
different  in  their  vegetative  characteristics  that  it  is  difficult  even  to 
compare  them.  ■  One  has  normally  a  ground  cover  with  a  thick  mat 
of  plant  roots  in  the  greater  part  of  the  surface  soil,  while  the  other  is 
very  largely  devoid  of  vegetation.  During  a  portion  of  the  year  in 
the  latter  situations  the  vegetation  is  less  dense  and  usually  occurs 
in  scattering  "bunches  when  perennial,  with  considerable  vacant 
space  between;  and  when  annual  it  produces  a  very  irregular  crop, 
which  grows  only  in  favorable  situations  in  normal  years.  The  regions 
which  are  largely  devoid  of  vegetation,  it  would  seem,  are  better 
adapted  to  the  growth  of  annual  plants  whose  seeds  may  fall  upon 
unoccupied  areas  and  by  their  special  contrivances  for  planting 
themselves  become  incorporated  with  the  soil  without  the  interfei^ 
ence  of  grass  and  other  roots  which  occur  in  a  sodded  region. 

Again,  the  unsodded  Southwest,  unBke  the  sodded  northern 
plains,  has  different  relations  between  its  seasons  of  moisture  and 
heat.  The  moist  winter  seasons  here  admit  plants  which  will  grow 
at  comparatively  low  temperatures.  The  moisture  is  of  such  short 
duration  that  plants  must  pass  through  the  vegetative  state  and 
mature  seed  in  a  comparatively  short  time,  or  else  they  will  be 
destroyed  by_  the  following  drought.  Ordinary  herbaceous  plants 
(valuable  under  grazing)  are  therefore  more  likely  to  he  annuals 
here  than  perennials,  for  it  is  only  those  which  have  some  special 
contrivance  for  water  reserve  that  are  able  to  withstand  the  hot  dry 
season.  The  balance  between  conditions  which  produce  annuals 
and  those  which  produce  perennials  is,  however,  apparently  slight. 
Upon  low  desert  mesas  may  be  found  shrubs  and  annual  plants  almost 
entirely,  while  in  the  footliills,  at  slightly  higher  elevations,  perennials 
and  shallow-rooted  plants,  such  as  grasses,  are  abundant,  although 
seldom  producing  even  the  semblance  of  a  sod.  The  soil  conditions 
arc  also  decidedly  different  in  the  sodded  and  unsodded  regions,  which, 
without  doubt,  has  a  marked  influence  upon  the  nature  of  the  turf. 
In  the  unsodded  areas  the  soil  is  much  younger,  generally  coarser, 
and  lacking  in  humus. 

BUBNINO  NATIVE  PASTTTBES. 

There  are  certain  regions  where  the  burning  of  native  pastures  at 
regular  intervals  has  been  practiced  for  many  years  with  apparently 
little  injurj-.     Indeed,  there  appears  to  be  but  little  question  that 
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this  practice  has  been  beneficial  in  some  instances,  though  it  -yvould 
be  most  unfortunate  in  the  present  range  regions.  In  some  of  the 
Eastern  and  Southern  States,  especially  where  the  brome  sedges 
{Andropogon  spp.)  are  an  important  factor  in  the  y^etation  of  old, 
permanent,  and  native  pastures,  it  is  doubtful  whether  any  other 
method  of  handling  would  prove  &s  productive.  These  grasses  pro- 
duce strong,  wiry,  branching  culms  in  late  summer,  wbich  if  left 
unbumed  or  uncut  would  make  it  nearly  impossible  for  stock  to  secure 
the  young  growth  in  the  spring,  while  the  growth  of  the  previous  year 
is  of  no  value. 

As  far  west  as  central  Kansas  it  is  a  common  praetice  to  bum 
pastures  periodically.  So  far  west,  however,  this  practice  is  very  ques- 
tionable because  of  the  lai^  numbers  of  other  grasses  which  are 
injured  by  such  treatment.  The  gramas  (BouUHoua  spp.),  which  are 
an  important  constituent  of  native  pastures,  from  the  eastern  line  of 
the  Dakotas  westward  especially,  are  very  readily  injured  by  burn- 
ing, especially  when  the  ground  is  dry,  as  it  usually  is  in  autumn  in 
this  region.  It  is  a  matter  of  common  observation  that  native  pas- 
tures where  this  practice  obtains  which  have  been  repeatedly  burned 
are  very  much  reduced  in  the  quantity  of  blue  grama  (Bovidmia 
oligoatachya)  which  they  produce,  while  the  broom  sedges  (Aridropo- 
ffon  spp.)  produce  as  well  as  ever  unless  the  pastures  have  been  much 
overstocked.  When  burning  is  practiced  it  should  be  done  when  the 
ground  is  moist  or  frozen,  so  that  as  little  injury  as  possible  may  be 
done  to  the  roots  of  the  grasses.  The  practice  is  a  necessary  evil  at 
best.  Mowing  should  be  resorted  to  in  removing  the  old  dead  stems 
of  the  species  of  Andropogon  in  preference  to  burning  whenever  it  is 
possible. 

The  burning  of  native  pastures  has  no  application  to  the  general 
open  range  country. 

OUXiTITATION. 

Considerable  has  been  written  concerning  the  beneficial  effects  of 
cultivation  upon  native  pastures,  but  the  practice  has  no  application 
except  upon  small  pastures  in  productive  regions,  A  pasture  requir- 
ing 20  acres  to  support  a  mature  bovine  animal  for  one  year  can 
not  be  profitably  given  even  a  light  cultivation.  Whether  lands  are 
benefited  by  a  light  harrowing  or  disking  depends  entirely  upon  the 
nature  of  the  soil  and  the  grasses  composing  the  native  vegetation. 
Loosening  the  soil  lightly  with  a  disk  or  fine-tooth  harrow  has  be«n 
proved  to  be  beneficial  in  the  prairie  State-s  of  South  Dakota,  Kansas, 
and  Nebraska,and  in  other  States  farther  east.  Upon  unsodded  terri- 
tory in  Arizona,  where  the  Department  of  Agriculture  in  cooperation 
with  the  Territorial  University  has  experimented  for  several  years 
along  this  line,  disking  has  proved  actually  detrimental.     A  large  part 

ru„odhGoOglc 


20        RESEBDING    DEPLETED   BAHQE    AND   NATIVE    PAHTURE8. 

of  the  sparse  perennial  v^etation  was  destroyed  hy  the  disking,  and 
this  effect  was  noticeable  for  about  two  jears.  The  plants  which 
escaped  killing  by  the  disk  were  larger  than  common,  but  there  was 
really  less  feed  produced  the  succeeding  season  than  on  uncultivated 
lands  adjoining.  The  use  of  a  fine-tooth  harrow  on  these  lands  pro- 
duced a  slightly  increased  yield,  but  not  enough  by  any  means  to  pay 
for  the  labor.  The  fine-tooth  harrow  loosened  the  soil  slightly  without 
destroying  the  v^etation. 

In  &  large  section  of  the  prairie  region,  from  the  Dakotaa  southward, 
ground  allowed  to  run  back  before  the  sod  has  been  thoroughly  sub- 
dued invariably  comes  up  to  a  very  greatly  increased  stand  of  western 
wheat^rass  (Agropyron  occidentale)  without  any  seed  being  sown. 
Disking  here  always  produces  increased  yields  of  grass,  and  the 
pastures  being  small  and  productive,  the  increase  will  compensate  for 
the  expense.  Some  experiments  conducted  by  the  Kansas  Agricul- 
tural Experiment  Station  show  conclusively  the  benefits  to  be  derived 
from  the  cultivation  of  native  pastures  in  the  vicinity  of  Manhattan. 

Mr.  W.  J.  Tod  broke  a  60-acre  piece  of  prairie  of  raw  blue-joint 
{Andropogon  sp.)  in  March,  18S4.  That  same  season  be  took  off  a 
small  crop  of  millet.  In  the  autumn  the  ground  was  back-set  and 
seeded  to  clover,  timothy,  bluegrasses,  and  orchard  grasses.  It  is 
well  known  that  breaking  land  in  March  in  this  region  does  not  kill 
native  grasses  well,  The  result  was  that  although  the  tame  grasses 
supplemented  the  native  feeds  for  a  number  of  years — and  persist 
even  yet — it  was  the  native  grasses  that  were  especially  improved  by 
the  cultivation.  It  is  estimated  that  this  area  has  produced  ever 
since  an  average  increase  of  50  per  cent  in  for^e  over  the  untouched 
land  surrounding,  and  people  who  put  up  hay  for  hire  in  the  vicinity 
are  willing  to  harvest  this  area  for  25  cents  a  ton  less  than  the  sur- 
rounding country.  But  this  region  is  productive.  The  land  will 
support  continuously  and  maintain  its  productiven^s  at  the  rate  of 
one  bovine  animal  to  4  acres  for  the  summer  grazing  season. 
Here  grazing  is  carried  on  during  the  summer  season  only,  for  the 
grasses  do  not  cure  well  on  account  of  the  fall  rains.  In  such  a 
region  the  cultivation  of  lands  held  in  native  pasture  can  be  made 
profitable.  Indeed,  a  gain  of  50  per  cent  can  often  be  made,  but, 
as  stated,  when  the  carrying  capacity  is  low  partial  cultivation  will 
not  pay. 

In  a  large  part  of  the  range  region  cultivation  is  actually  impos- 
sible owing  to  the  roughness  or  stony  character  of  the  country.  In 
some  sections  the  soiLi  are  so  sandy  that  loosening  them  would  cause 
drifting.  Again,  in  some  mountain  meadow  r^ons  the  soil  is  of 
such  a  nature  that  it  is  likely  to  be  washed  badly  when  once  the  sur- 
face is  disturbed. 
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WXXDB  HT  hativb  fabtusbb. 

In  connection  with  native  pastures  the  term  weed  is  of  very  uncer- 
tain meaning,  for  what  is  considered  a  weed  in  one  section  is  often  a 
valuable  forage  plant  in  another.  It  is  a  conunon  saying  upon  the 
Btock  ranges  that  a  steer  will  eat  what  he  is  obliged  to  eat.  As  an 
illustration  may  be  mentioned  the  Mexican  poppy  {Eschseholtzia 
mexicana)  of  the  Sotithwest.  This  would  scarcely  be  considered  a 
forage  plant  of  any  value  whatever  by  one  unfamiliar  with  southwest- 
em  conditions.  However,  one  can  not  but  be  impressed  with  the 
amount  of  feeding  done  upon  it  by  stock  in  southern  Arizona.  In 
the  vicinity  of  a  large  inclosure  in  the  Santa  Rita  Mountains  this  plant 
is  grazed  to  the  ground  by  cattle,  while  it  grows  to  a  foot  or  more  in 
height  in  the  protected  area  and  can  be  recognized  within  this  area 
by  the  brilliant  color  of  its  bloom  thirty  miles  away.  It  would  ordi- 
narily be  considered  of  some  value  as  a  sheep  feed,  but  it  is  not  a 
weed  in  relation  to  cattle  by  any  means. 

In  productive  native  pastures  of  the  Middle  West  or  the  central 
plains  region  certain  plants,  mainly  of  the  golden-rod  and  sunflower 
famihes,  often  become  quite  troublesome  in  overgrazed  areas.  In 
the  North  these  are  represented  by  the  golden-rod  {Solidago  rigida) ; 
farther  south  by  several  species  pf  golden-rod  and  sunflower;  and  from 
Oklahoma  southward  into  southern  Texas  by  the  broom-weed  (vlm- 
phiackyrie  drachuncvlmdes).  These  plants  assist  in  the  demands 
made  for  burning  pastures  in  some  sections  spoken  of  elsewhere; 
but  a  more  effectual  way  of  handling  them  is  to  mow  them  when  in 
early  bloom.  This  is  extensively  practiced  in  Kansas  and  Nebraska 
with  good  results.  The  plants  here  mentioned,  which  stock  will  not 
eat,  are  all  natives  which  become  troublesome  under  the  artificial  con- 
ditions brought  about  by  handling  stock  upon  native  lands.  There 
are  but  few  introduced  weeds  which  are  common  upon  the  stock 
ranges  that  are  decidedly  injurious.  The  brome-grasses,  alfilerilla, 
wild  oats,  and  others  have  been  mentioned  as  being  of  decided  value. 
Even  the  Russian  thistle  {Salsola  kali-tragus) ,  originally  introduced 
into  the  prairie  region  where  it  never  becomes  troublesome  in  native 
pastures,  is  spreading  in  northern  New  Mexico  and  Arizona,  but  it  is 
of  some  value  upon  these  desert  lands.  In  mountain  regions  there 
are  several  perennial  weeds  which  do  considerable  damage  and  appear 
to  increase  with  constant  grazing.  As  examples  may  be  mentioned 
dandelion  {Taraxacum  sp.),  false  hellebore  (Veratrum  sp.),  yarrow 
{Achillea  sp.),^&g  (Irissp.),  and  Wyethia  sp.  Even  some  of  these  are 
of  some  value  as  sheep  {ei'A.  These  all  grow  in  mountain  pastures 
and  high  valleys.  Some  of  them  can  be  handled  by  breaking  up  the 
ground  and  sowing  to  timothy  and  redtop.  Others  grow  on  lands 
which  can  not  be  cultivated,  and  it  is  doubtful  whether  they  can 
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be  reduced  by  any  practicable  ecoDomic  methods.  On  the  edges  of 
mountain  meadows  where  the  moisture  is  sufficient  cultivation  can 
be  applied  with  economic  benefit  where  the  lands  are  under  private 
control. 

To  be  brief,  what  can  be  done  depends  upon  the  locality  and  the 
conditions.  In  favored  localities  it  will  pay  to  resort  to  some  of  the 
methods  mentioned  in  the  preceding  pages.  Where  the  carrying 
capacity  'of  the  lands  is  low  no  methods  of  eradication  of  weeds 
will  pay  for  the  labor  involved.  All  that  can  be  done  is  to  get  out 
of  the  land  all  that  it  produces  of  valuable  plants  without  the  abuse 
of  overtaxing  and  to  utilize  the  weeds  if  it  can  be  done,  if  not  by 
cattle  then  possibly  by  sheep  or  goats.  It  must  be  borne  in  mind 
that  the  really  troublesome  range  weeds  are  few  in  number  and 
locally  distributed  anf*  that  a  large  percentage  of  the  feed  upon  the 
stock  ranges  to-day  is  produced  by  weeds. 


(1)  The  introduced  forage  plants  which  have  thus  far  become 
important  upon  range  pastures  in  this  country  are  few  in  number 
and  without  exception  accidental  in  introduction. 

(2)  Profitable  partial  cultivation  of  native  pastures  must  be  con- 
fined to  productive  areas  in  r^ions  of  sufficient  rainfall  to  permit  at 
least  the  occasional  cultivation  of  some  of  the  hardier  crops. 

(3)  The  areas  where  reseeding  methods  on  an  economic  basis  are 
applicable  extend  to  the  western  plains  and  are  scattered  through- 
out the  mountains  in  meadows,  high  valleys,  and  other  situations 
where  the  requisite  moisture  occurs. 

(4)  Care  should  be  exercised  in  the  cultivation  of  moist  mountain 
meadows  lest  the  breaking  of  the  turf  should  result  in  destructive 
erosion. 

(5)  The  most  promising  forage  plants  for  the  improvement  of 
native  pastures  are  Kentucky  blu^rass  as  far  west  as  the  western 
plains  region  and  as  far  south  as  the  Bermuda  and  Johnson  grass  lands, 
and  timothy  and  redtop  for  mountain  meadows,  high  valleys,  and 
other  favorable  situations  having  a  loose  friable  soil  containing  a  good 
supply  of  humus.  Eed,  white,  and  alsJke  clovers  and  orchard  grass 
are  of  value  locally.  These  can  be  established  with  a  minimum  of 
cultivation.  Seed  may  be  sown  either  in  late  autumn  or  as  the  snow 
goes  off  in  the  spring. 


sdbvGoO^^lc 


PLATES. 


,db,GoOglc 


DBBC&IFTION  OF  PLATES. 

Pi.ATE  I.  Improved  and  unimproved  native  meadows  in  northeastern  California. 
Fig.  1. ^Timothy  and  redtop  eatebllshed  without  cullivalion  in  one  of  the  high 
valleys  yt  northeastern  California.  Fig.  2. — An  unimproved  valley  similar  to 
that  flhown  in  figure  1.  If  the  willows  were  cleared  off  and  timothy  and  reiilop 
sown  they  would  take  possewion  up  to  the  sagebruBh  shown  in  the  foreground. 

Plate  II.  Central  California  ranf^'S.  Fig.  l.^.\  sedgy,  weedy  mountain  meadow 
where  timothy  and  redtop  will  suceeed,  but  the  turf  inusi  not  be  destroyed,  for 
erosion  would  completely  drain  the  meadow.  Fig.  2. — Foothills  where  inlm- 
duced  broine-graflses  have  taken  piswsBJon.  Somi-  of  these  are  valuabl**;  others 
arc  really  an  injury  to  the  range. 

Plate  III.  Native  pastures  in  Kansas  and  Arizona.  Fig.  I. — A  native  pasture  in 
central  Kansas  where  Kentucky  bluegniw  is  gradually  taking  poeseseion.  It 
appears  lirst  in  such  draws  and  depressimiH  as  are  shown  in  this  illuslmtion.  Fig. 
2,^A  native  pasture  in  Arizona  during  a  favorolile  season.  Meiienn  poppy  and 
Indian  wheat  make  a  good  growth.  Altilerilla  is  spreading  here  gradually  of  its 
own  ai'Cord.  Experiments  thus  far  have  failed  tu  produce  econumie  rceultaherc. 
117 
24 


ryGoO^^IC 


y.  U.S.  O.pt.o(  Ague. 


Fig.  1— Timothy  and  Reotop  Established  Without  Cultivation. 


FiQ.  2.— An  Unimproved  Valley  Similar  to  that  Shown  in  FiaunE  1 
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Fig.  2.— Foothills  Where  Inthoduced  Brome-ghasses  Have  Taken  Possession. 
central  californta  ranges. 
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Fig.  2.— a  Native  Pastuhe  in  Arizona  During  *  F*  von  able  Season. 
NATIVE    PASTURES    IN    KANSAS    AND    ARIZONA. 
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LEnER  OF  TRANSMITTAL 


United  States  Department  <»p  Aoricdlture, 

BuHEAU  OF  Plant  Industry, 

OFriCE  OF  THE    ChIEF, 

Washington,  D.  C,  September  S6, 1907. 

Sir:  I  have  the  honor  to  tr^inmnit  herewith,  and  to  recommend  that 
it  be  published  as  Biflletin  No.  118  of  the  series  of  this  Bureau,  the 
accompanying  mami-script,  entitled  "Peruvian  Alfalfa:  A  New 
Long-Season  Variety  for  the  Southwest."  This  paper  was  prepared 
by  Mr.  Charles  J.  Brand,  Physiologist,  in  charge  of  Clover  and 
Alfalfa  Investigations,  Plant  Life  History  Investigations,  and  has 
been  submitted  by  Mr.  Walter  T.  Swingle,  Physiologist  in  Charge, 
with  a  view  to  publication. 

The  parent  seed  on  which  practically  the  whole  alfalfa  industry  in 
the  United  States  is  based  was  originally  imported  from  Chile,  but 
comparatively  few  experiments  have  been  conducted  with  alfalfa  of 
South  American  origin.  In  the  present  paper  Mr.  Brand  describes 
an  alfalfa  from  Peru  so  different  from  the  one  commonly  grown  as  to 
constitute,  in  his  opinion,  a  distinct  botanical  variety.  This  new 
form  is  of  great  promise  from  a  practical  point  of  view,  because  it  not 
only  has  a  longer  growing  season,  but  recovers  more  qnickly  after 
cutting  and  grows  to  a  larger  size,  hence  yielding  decidedly  more  than 
ordinary  alfalfa. 

Study  of  its  life  history  requirements  shows  that  it  can  be  grown 
to  greatest  advantage  only  under  irrigation  and  in  the  Southwest, 
where  the  climate  is  mild  enough  to  permit  its  growth  all  winter. 

Life  history  studies  reveal  and  explain  the  weak  points  of  new 
varieties  of  crop  plants  as  well  as  their  advantages.  Mere  variety 
■  tests  do  not  usually  give  any  explanation  of  the  causes  of  succes.s  or 
failure  and  do  not  remove  the  danger  of  serious  loss  through  attempt- 
ing the  culture  of  a  new  variety  under  conditions  to  which  it  is  utterly 
unsuited. 

Peruvian  alfalfa  is,  for  example,  less  harmed  by  frost  than  ordi- 
nary varieties  and  in  the  Southwest  continues  to  grow  throughout  the 
winter.  From  this  it  might  be  supposed  to  be  hardy,  but  on  the  con- 
trary it  proves  in  the  Great  Plains  region  to  be  the  most  tender  alfalfa 


4  LETTER   OP   TBANSHITTAI,. 

known.  Such  results  are  mere  paradoxes  until  explained  by  an 
understanding  of  its  life  history  requirements  and  limiting  condi- 
tions, which  at  the  same  time  renders  it  possible  to  point  out  with 
confidence  the  only  regions  where  Peruviifn  alfalfa  promisee  to  be 
superior  to  the  sorts  now  commonly  grown. 

The  experiments  on  which  this  bulletin  is  a  partial  report  were 
inaugurated  in  1904  and  have  been  carried  on  under  a  cooperative 
arrangement  between  Plant  Life  History  Investigations,  the  Seed 
liaboratory,  and  the  Office  of  Seed  and  Plant  Introduction. 

The  seed  used  in  this  work  was  sent  to  the  Department  of  Agri- 
culture by  Mr.  Adolfo  Eastman  y  Cox,  of  Chile. 
Respectfully, 

B.  T.  Gaixowat, 

Chief  of  Bureau. 
Hon.  Jamrs  W11.8ON, 

SffTetary  of  Agriculture, 
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PERUVIAN  ALFALFA:  A  NEW  LONG-SEASON 
VARIETY  FOR  THE  SOUTHWEST. 


IN  TBOBtrCTZOlT. 

Alfalfa  continues  to  hold  the  attenticm  of  practical  fanners 
throughout  the  United  States,  and  a  very  targe  area  of  land  is 
annually  devoted  to  this  plant,  which  is  indeed  the  staple  crop  of  the 
irrigated  lands  west  of  the  one  hundredth  meridian.  For  this  rea- 
son, it  seems  desirable  to  publish  promptly  all  observations  of  scien- 
tific or  economic  importance  on  the  life  history  of  alfalfa  and  its 
varieties. 

UVE    HI8T0BT   BTTmT   07   ALFAJjeA.  nTATTOITBATBD. 

The  very  great  value  of  the  alfalfa  crop  to  a  large  part  of  our 
country,  especially  to  those  sections  where  irrigation  is  practiced,  has 
resulted  in  the  importation  of  seed  from  sources  very  widely  sepa- 
rated geographically  and  having  vastly  different  soil,  climatic,  and 
other  conditions.  The  effort  to  find  strains  suitable  for  regions  where 
the  successful  culture  of  this  crop  has  not  yet  been  established  has 
also  contributed  to  this  result. 

In  1904  a  life  history  study  of  alfalfa  was  instituted  in  the  Bureau 
of  Plant  Industry,  which,  although  far  from  being  completed,  has 
already  yielded  some  results  of  a  sufficiently  important  and  sugges- 
tive nature  to  make  it  advisable  that  they  be  placed  at  the  disposal  of 
both  the  farmer  and  the  experimenter. 

In  the  course  of  the  investigations  on  which  this  paper  is  a  partial 
report,  about  thirty  regional  strains  of  alfalfa  have  been  kept  under 
observation  for  three  years.  Among  these  there  is  one  from  Peru 
whose  unusually  rapid  growth,  quick  recovery  after  cutting,  and 
continued  growth  through  the  winter  in  favorable  climates  result  in 
the  production  of  one  or  two  more  cuttings  of  hay  each  year  than  are 
yielded  by  the  alfalfa  commonly  cultivated.  The  present  bulletin  is 
a  summary  of  what  is  known  about  this  remarkable  variety. 
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One  of  the  most  striking  facts  and  perhaps  the  most  important  one 
noted  in  reference  to  the  Peruvian  variety  is  its  complete  lack  of 
hardiness  in  all  northern  localities.  From  (rroom,  in  the  Panhandle 
of  Texas  (lat.  35°  12'  N.),  to  Indian  Head,  Saskatchewan  (lat. 
50°  28'  N.),  on  an  average  at  least  99  per  cent  of  the  plants  of  this 
variety  have  been  winterkilled  during  the  past  three  years.  Other 
sorts  of  alfalfa  used  in  these  experiments  also  suffered  in  varying 
degree,  but  none  so  severely  as  the  Peruvian  variety.  Some  few  of 
them,  such  as  the  hardy  Grimm  alfalfa  from  Minnesota,  and  that 
grown  from  seed  produced  in  the  Milk  River  valley  in  northern 
Montana,  showed  no  injury  to  the  stand  from  winterkilling  during 
the  same  period.  On  the  other  hand,  curiously  enough,  at  Yuma  and 
at  Phoenix,  Ariz.,  frosts  sufficiently  severe  to  prevent  the  growth  of 
all  other  kinds  except  the  Arabian  had  no  effect  on  the  Peruvian 
variety,  which  continued  to  grow  throughout  the  winter  and  was 
on  February  28^  1907,  ready  for  its  first  cutting,  having  by  that  date 
attained  a  height  of  nearly  2  feet. 

Alfalfa  grown  in  Arizona  from  Arizona,  Provence,  Turkestan, 
and  northern  Montana  seed  had  all  ceased  growing  in  the  autunm 
practically  with  the  first  frosts,  while  the  Peruvian,  which  had 
winterkilled  so  universally  at  northern  stations,  grew  throughout  the 
year.  Thus  we  have  the  paradox  of  the  hardier  strains  having  their 
growth  almost  wholly  interrupted  by  the  mild  Arizona  winter,  while 
a  variety  known  to  be  sensitive  to  cold  has  grown  continuously  under 
these  same  conditions. 

ZEBO  POIIfT  OP  QBOWTH  AS  EXPLAINUTa  HABDIHBSS  OF 
ALFALFA.' 

A  consideration  of  the  physiological  causes  underlying  the  condition 
described  has  led  to  the  conclusion  that  the  explanation  for  it  must 
be  -sought  in  the  difference  in  the  location  of  the  zero  point'  of 
growth  in  Peruvian  and  in  ordinary  alfalfa. 

In  the  form  under  discussion  the  zero  point  of  growth  is  unusually 
low ;  that  is,  its  growth  will  continue  despite  unusually  low  tempera- 
tures. Practically  all  other  sorts  of  alfalfa,  and  indeed  almost  all 
crop  plants,  stop  growing  before  the  minimum  for  this  variety  is 
i-eached.  The  direct  consequence  of  this  low  zero  point  under  the 
climatic  conditions  that  prevail  in  the  Colorado  River  valley  near 

'The  explanation-. of  hardiness  here  published  for  the  flret  time  w&«  flng- 
gested  to  the  writer  hy  Mr.  Walter  T.  Swiugle  Id  the  course  of  a  dlBCuaelon  of 
the  life  history  requirements  of  Peruvian  alfalfa. 

'The  zero  point  of  growth  of  any  variety  may  t>e  deOned  as  the  mlnlmiuii 
temperature  below  which  growth  ceases. 
118 
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Yuma  and  in  the  Salton  Basin  is  continued  growth  of  the  Peruvian 
alfalfa  throughout  the  winter  season,  although  the  cold  is  sufficient 
to  prevent  activity  in  practically  all  other  varieties. 

EKPECT  OP  LOW  ZERO  POINT  TTNDEH  tlNPAVORABI-E  CONniTIONS. 

In  C9lder  regions  the  low  zero  point  results  in  the  plant  being 
unaffected  by  the  cool  weather  of  the  autumn,  which  in  the  case  of 
other  varieties  of  alfalfa  first  merely  retards  growth  and  finally  ar- 
rests it  altogether. 

Because  of  its  low  zero  point,  Peruvian  alfalfa  does  not  cease  grow- 
ing in  the  autumn,  and  as  a  consequence  it  is  caught  with  tender 
growth  and  killed  by  the  first  severe  freeze,  while  other  alfalfas, 
having  gone  into  the  resting  stage,  are  not  harmed. 

PRACTICAL  SIGNIFICANCE  OF  LOW  ZERO  POINT  UNDER  FAVORABLE   CONDI- 
TION8. 

The  most  obvious  advantage  to  a  plant  of  a  low  zero  point  under 
favorable  conditions  is  that  growth  continues  long  after  it  has  ceased 
in  plants  having  a  high  zero  point.  In  the  Balton  Basin,  in  the 
Colorado  and  Salt  River  valleys,  and  in  other  sections  which  have 
mild  winter  weather,  the  Peruvian  variety  makes  a  very  considerable 
'  winter  growth,  while  the  other  alfalfa.s  make  practically  none.  (See 
fig.  3.)  This  winter  growth  furnishes  valuable  pasturage  for  cattle 
and  hogs  and  food  for'poultry,  or  if  allowed  to  remain  on  the  field 
results  in  the  production  of  an  extra  crop  of  hay,  thus  increasing  the 
yield  to  the  acre  from  15  to  20  per  cent  each  year. 

Inasmuch  as  green  alfalfa  is  the  food  preferred  throughout  the 
year  for  ostriches,  this  strain  and,  in  a  less  degree,  the  Arabian  have 
a  decided  advantage  over  all  others  for  astrich  fanning,  which  is 
be<x>ming  an  important  industry  in  the  very  region  to  which  this 
alfalfa  is  best  adapted.  , 

There  are  high  valleys  in  New  Mexico,  Arizona,  and  Colorado, 
where  the  winters  are  mild,  to  which  Peruvian  alfalfa  may  prove  to 
be  adapted.  It  is  also  possible  that  this  form  may  be  us  hardy  as 
any  other  in  sections  where  the  approach  of  cold  weather  is  gradual 
enough  to  force  it  to  suspend  growth  before  winter  arrives. 

It  is  evident  from  the  foregoing  that  the  pos.session  of  a  low  zero 
point  is  a  great  advantage  under  favorable  conditions  and  an  equally 
great  disadvantage  under  unfavorable  conditions.  Hence  this  factor 
must  be  given  consideration  before  it  can  be  determined  into  what 
regions  alfalfa  may  be  introduced  with  profit. 

PROBABLE  LOCATION  OF  THE  ZERO  POINT  OF  PERUVIAN  ALFALFA. 

Inasmuch  as  complete  weather  records  are  available  for  Yuma, 
a  careful  study  of  these  has  been  made  in  the  hope  of  determining, 
approximately,  the  zero  point  of  Peruvian  alfalfa.     The  experimental 
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plats  are  located  but  a  few  hundred  feet  distant  from  the  Weather 
Bureau  station.  An  exauuDation  of  the  records  shows  that  the 
mean  temperature  for  the  months  from  October,  1906,  to  February, 
1907,  inclusive,  was  61.8°  F.  Considerable  growth  was  made  through- 
out this  period.  The  lowest  monthly  mean  was  58.8°  F,  for  January, 
During  this  month  less  growth  was  made,  but  it  was  not  entirely 
interrupted.  From  this  it  would  appear  that  under  the  given  condi- 
tions the  zero  point  is  located  somewhere  below  53°  F.  However, 
according  to  the  records  for  the  Arizona  Experiment  Station,  the 
mean  for  the  same  months  at  the  station  farm  near  Phoenix  was 
57.7"  F.,  the  lowest  monthly  mean  being  50.7°  F.  for  January,  1907. 
Here  also  growth  was  made  during  the  winter  months,  including 
January,  with  a  mean  a  little  more  than  50°  F.  Hence  it  is  evident 
that  the  zero  point  of  the  Peruvian  variety  is  below  50°  F.,  probably 


about  48°  ¥.,  while  that  of  the  common  form  lies  between  53°  F.  and 
61°  F.,  perhaps  at  about  57°  F.  In  any  case  it  is  hard  to  locate 
tlie  zero  jwint  accurately,  especially  for  ordinary  alfalfa,  on  account 
of  the  disturbing  factor  introduced  by  the  direct  action  of  frost  in 
killing  the  leaves. 

The  accompanying  diagram  (fig.  1)  shows  graphically  the  ad- 
vantage which  the  low  zero  point  gives  the  Peruvian  over  the  ordi- 
nary kinds.  The  mean  temperatni-e  for  each  month  during  1006  is 
represented  by  a  column.  The  solid  base  extending  from  the  freezing 
point  to  48°  F.,  the  approximate  zero  point  of  the  Peruvian  variety, 
represents  the  temtjeratures  which  have  no  effect  on  any  kindt;  of 
alfalfa;  the  cross-hatched  portion  between  48°  F.  and  57°  F.,  the 
estimated  zero  point  of  ordinary  alfalfa,  shows  the  t«mpersture(i 
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whic^i  can  be  used  by  this  Tariety  only,  while  the  part  of  each  column 
above  57°  F,,  and  extending  up  to  the  mean  for  each  month,  repre- 
sents the  temperature  utilized  by  other  alfalfas  as  well  as  the  Peru- 
vian. All  temperatures  above  the  solid  bases  of  the  monthly 
columns  are  utilized  by  the  Peruvian,  while  only  those  above  the 
cross-hatched  portion  are  used  by  the  ordinary  strains.  The  addi- 
tional heat  units  available  on  account  of  the  low  zero  point  explain, 
in  a  measure,  the  more  rapid  growth  of  this  new  form. 

The  chart  shows  that  in  December  and -January,  when  considerable 
^^wth  could  be  made  by  the  Peruvian  alfalfa,  none  whatever  was 
possible  by  any  other  variety,  because  the  mean  for  both  of  these 
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months  was  below  the  zero  point  of  ordinary  alfalfa.  There  was  one 
exception  to  this,  namely,  the  Arabian,  which  will  be  briefly  dis- 
cussed in  a  later  paragraph.  The  zero  point  of  this  strain  lies 
between  that  of  the  Peruvian  and  that  of  the  ordinary  alfalfa. 

The  diagram  shows  temperatures  that  might  be  used  by  ordinary 
alfalfa  in  both  February  and  November.  However,  when  frost 
occurs  during  these  months,  ordinary  alfalfa  is  retarded  and  pre- 
vented from  making  full  utilization  of  the  available  heat.  Further- 
more, it  will  be  seen  by  reference  to  figure  2  that  the  curve  repre- 
senting the  average  of  the  minimum  temperatures  lies  considerably 
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below  the  estimated  zero  point  of  common  alfalfa  during  both  of 
these  months. 

For  convenience  of  expression  mean  temperatures  above  the  zero 
point  may  be  called  positive  and  those  lying  below  negative.  The 
former,  when  long  enough  continued,  stimulate  growth,  while  the 
latter  would  seem  at  first  sight  to  be  inerely  useless.  However,  fur- 
ther observation  goes  to  show  that  negative  temperatures  are  actu- 
ally harmful,  as  they  prevent  the  complete  utilization  of  available 
positive  temperatures.  Before  growth  can  proceed  after  cold  ni^ts 
a  warm  sim  for  several  hours  is  required  to  take  off  the  chill." 

Only  during  January  and  December  did  the  Peruvian  alfalfa  suffer 
from  nocturnal  chilling,  and  then  but  slightly,  since  only  a  small 
proportion  of  the  temperatures  for  these  months  fell  decidedly  below 
its  zero  point  for  growth. 

A  further  examination  of  figure  2  shows  that  the  minimum  curve 
for  November,  December,  January,  February,  March,  and  April 
extends  below  the  zero  line  of  common  alfalfa,  while  only  during 
December  and  January  does  any  considerable  portion  of  the  curve 
extend  below  the  zero  line  of  the  Peruvian  variety.  This  means  that 
common  alfalfa  suffered  retardation  during  six  months  of  the  year, 
while  the  Peruvian  form  was  affected  during  but  two,  and  then  but 
slightly. 

Coincident  with  the  low  zero  point  of  the  new  form  a  low  optimum 
might  be  expected,  but  this  has  not  been  found  to  be  the  case.  Indeed, 
its  optimum  appears  to  be  fully  as  high  as  that  of  any  other  alfalfa. 
An  explanation  of  this  fact  is  given  later. 

niFFK^lILTV    OF   IXK:ATIN0    THF,   ZF.RO    POINT. 

On  the  difficulty  of  locating  the  zero  point,  De  Candolle,''  who  made 
extensive  investigations  on  the  heat  requirements  of  plants,  says: 

Tlie  most  (IlStcult  points  to  fix  are  tb<!  minima.  One  in  rarely  In  posaesBlon  of 
Buch  direct  observations  as  to  permit  establishing  tbem.  One  Is  then  compelled 
to  spet  them  by  groplni;,  tbrough  comparison  between  tlie  dlllerent  extreme 
localitjeH  where  the  sijecles  extends,  I  often  succeeded  in  doing  this  in  a  more 
or  lens  satli^factory  manner.  My  investigations  as  a  whole  show  oae  thing  I  wan 
not  thinking  of  while  busy  with  the  details,  nnmelj'.  that  the  minima  generally 
rlBi-  In  proportion  as  more  southerly  8|)e<'ieB  are  confempii. 

"  .Mr.  Walter  T.  Swingle  has  enlled  attention  to  this  phenomenon  In  Bulletin 
5.1  of  tlie  Bureau  of  riimt  Industry,  "The  Date  Palm  and  Its  Utilization  in  the 
Southwestern  States."  In  the  course  of  some  studies  on  the  date  palm  during 
Octolier  imd  November,  liWO.  at  Teuipe,  ArlK.,  and  Mecca,  Ciil.,  the  present  writer 
obaerveil  that  when  the  night  temi>eratures  fell  decidedly  below  G4.4°  P.,  the 
conventional  zero  iH>lut  for  tlie  date  palm,  uo  advance  whatever  was  made  tu 
ripening  during  the  sucfcedlng  day,  although  the  maxima  were  often  fully  aa 
high  as  on  days  when  normal  progress  was  made.  In  other  words,  warm  nights 
were  Just  as  essential  for  the  proper  ripening  of  the  fruit  as  were  hot  days. 

A  De  Candolle,  Alpbonse.  Qtograpble  iKitanlque  ralsonnee,  Paris  and  Qenera, 
1855.  VOL  1,  p.  395.  ^-  . 
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The  present  investigations  do  not  bear  out  De  CandoUe's  last  state- 
ment, as  in  the  Peruvian  alfalfa  we  have  a  southerly  form  which  has  a 
decidedly  lower  minimum  (i.  e.,  zero  point)  than  those  from  more 
northerly  regions.  This  may  be  accounted  for  by  the  fact  that  alfalfa 
is  an  introduced  plant  in  South  America,  and  the  variety  under  dis- 
cussion has  adjusted  itself  txi  the  climatic  conditions  of  high  plateaus 
in  an  equatorial  latitude. 

Alfalfa  was  no  doubt  brought  into  Peru  at  the  time  of  the  Spanish 
conquest,  more  than  three  hundred  years  ago.  During  the  long  period 
that  has  since  elapsed,  a  rigid  though  unconscious  selection  has  prob- 
ably gone  on.  Only  those  plants  having  a  low  zero  point  were  able 
to  produce  seed,  the  sum  of  heat  being  insufficient  to  ripen  the  seed  of 
forms  having  a  high  zero  point. 

The  parent  alfalfa  which  the  Spaniards  brought  with  them  to 
Peru  probably  came  originally  from  the  hot  deserts  of  the  Old  World. 
Millenia  of  growth  in  desert  climates  necessitating  adaptation  to  with- 
stand long,  hot  summers  preceded  the  relatively  short  period  of  rigid 
selection  already  mentioned,  tending  to  adapt  the  plant  for  growth  at 
low  temperatures.  The  high  optimum  temperature  of  growth  of 
Peruvian  alfalfa  was  probably  developed  during  its  stay  in  the  Old 
World  deserts,  and  it  still  persists  after  a  few  centuries  of  culture  at 
high  altitudes  in  the  Andes.  If  grown  long  enough  under  conditions 
that  do  not  call  into  use  the  ability  to  grow  at  high  temperatures, 
doubtless  the  power  to  thrive  in  very  hot  weather  would  be  lost,  just 
as  has  been  observed  in  the  case  of  blind  cave  fishes  whose  sight 
organs  became  atrophied  through  disuse. 

The  possession  of  a  low  zero  point  by  Arabian  alfalfa  "  suggests 
that  possibly  the  parent  seed  of  Peruvian  alfalfa  likewise  originated 
in  a  region  where,  in  addition  to  hot  summers,  there  were  mild  winters, 
during  which  growth  was  possible  in  plants  having  a  low  zero  point. 
In  this  case  the  unusually  low  zero  point  of  Peruvian  alfalfa  repre- 
sents only  the  further  development  of  a  character  already  present. 

Weather  records  for  Peru,  and  indeed  all  South  American  coun- 
tries, are  unsatisfactory,  but  Hann  *  gives  a  rather  complete  sum- 
mary for  both  Lima,  Peru,  and  Quito,  Ecuador.  The  mean  annual 
temperature  of  Quito  is  56.3°  F. ;  the  warmest  months,  December  and 
January,  have  a  mean  of  56.60°  F. ;  the  mean  of  the  coldest  month  is 
56.32°  F.,  the  difference  in  mean  between  the  coldeb"t  and  the  warmest 
month  being  only  0.34  of  1  degree.  Any  crop  plant  to  succeed  at  all 
under  such  climatic  conditions  must  have  a  zero  i>oint  at  least  as  low 

«  Bee  tbe  dlscuRsion  on  pages  1(!  to  18.  under  tbe  bendln);  "  Com  pari  son  of 
Arabian  n-itb  Peruvian  alfalfa." 
« Ilnun,  Julius.    Handbncb  der  KlUuatoloele,  2d  ed.,  Stuttgart,  189T,  vol.  2, 
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as  the  mean  monthly  temperature  of  the  warmest  month — in  this 
case  56.66°. 

If  it  were  not  as  low  as  this,  there  would  not  be  sufficient  heat  to 
stimulate  the  plants  into  growth.  On  the  other  hand,  a  zero  point 
considerably  lower  than  this  would  be  a  distinct  advantage,  as  the 
optimum  temperature  of  growth  lies  considerably  above  the  zero 
point.  / 

The  mean  yearly  temperature  at  Lima  is  66.2"  F.  The  mean  of  the 
warmest  month,  February,  is  73.76°  F. ;  of  the  coldest  month,  July, 
58°  F.  The  difference  between  the  annual  mean  maximum  and  mini- 
mum is  15.76°  F,  This  difference  is  much  greater  than  that  for 
Quito.  However,  the  only  place  in  the  United  States  having  so  small 
a  difference  as  this  Is  San  Diego,  in  southern  California.  Following 
is  a  table  giving  the  mean  temperatures  for  the  year  and  for  the 
warmest  and  coldest  months  at  four  places  each  in  South  America 
and  North  America.  Temperatures  are  given  in  degrees  Fahrenheit 
and  altitudes  in  feet. 

yme  Bouth  American  and  North 
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A  study  of  these  data  would  indicate  that  alfalfas  with  a  low  z^o 
point  would  do  better  than  any  others  in  such  an  even,  cool  climate  as 
San  Diego,  and  this  will  no  doubt  prove  true,  but  the  fact  that  the 
Peruvian  variety  does  so  well  at  Yuma  demonstrates  further  that 
its  maximum  temperature  (above  which  growth  ceases)  is  consider- 
ably higher  than  the  mean  for  the  hottest  month  (94°  F.  in  July)  at 
Yuma. 

COHPABIBON    BETWEEN    AUOUNT    OP    QBOWTH    OF    FEBITVXAir 
AND  SEVEBAI.   OTHER  ALFAIJAS. 

In  order  to  illustrate  more  effectively  the  great  diversity  in  the 
amount  ui  growth  made  during  the  winter  by  different  regional 
strains  average  specimens  were  selected  from  each  of  the  plats  on 
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the  reclamation  tract  at  Yuma,  Ariz.       Figiire  3  shows   (at  one- 
fourth    natural   size)    specimens   grown    from    Peruvian,    Arabian, 
Tiirkcsfnn    I'Sftmarkand),  and  native  Arizona 

ich  case  were  selected  to 
}ndition  of  the  plats  and 
idered  directly  compar- 
which  the  figures  were 
!>o«t  the  middle  of  No- 
time  the  average  height 
y  was  24  inches  and  of 
while  that  of  the  Turk- 
a  alfalfas  was  12  and  10 
pectively.  Furthermore, 
all  growth  had  ceased 
two  named.  From  this 
rent  that  tlie  Peruvian 
3  5  inches  taller  than  its 
npetitor,  the  Arabian,  12 
ler  than  the  Turkestan 
14  inches  taller  than  the 
plants  pro- 
duced from 
home-  grown 
Arizona  seed. 
In  the 
spring  of 
^19  0  7  these 
'  differences 
were  even 
more 
marked, 
and  on  June 
8  tlie  aver- 
age height 
of  the  Peru- 
vian alfalfa 
was  fully  3 
feet,   while 

Kia.  3. — Comparative  ({rowlli  of  various  nlfnlfas :  1,  I'eruvlan ;  2,  Ara- 
bia D :  3,  Turkestaa:  4.  Arizona.      {Onefourlh  DHlural  alie.i  other  strains 

averaged 

more  than  2  feet.     This  difference  is  shown  in  Plate  II,  figures  1  and 

2.     The  latter  figure  shows  the  well-known  Oasis  alfalfa  (S.  P.  I. 

14837— Bull.  118—07- 3 
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No,  12846)  of  northern  Africa,  secured  in  Tunis  by  Mr.  Thomas  H. 
Kearney.  The  Arabian  strain  did  not  compare  as  favorably  as  in 
November,  1906. 

COKPABISON    OP     A-R.AT1TAW    WITH    PEBITVIAN    AIJ-AIiFA. 

Next  to  the  Penivian  variety  Arabian  alfalfa  has  been  found  to 
have  the  lowest  zero  point..  This  interesting  alfalfa  was  secured 
from  Bassorah,  Arabia,  by  Mr.  David  Fairchild,  Agricultural  Ex- 
plorer. Several  importations  have  been  made  from  Arabia  by  Mr. 
Fairchild,  and  his  notes  concerning  these,  published  in  the  inven- 
tories of  the  Office  of  Seed  and  Plant  Introduction,  deserve  to  be 
quoted  in  full: 
Saoi:.  Medicago  »aUva.  Alfalfa. 

From  BasHorah.  ArnMa.  Received  ttaroUKb  MeBsra,  Latbrop  and  Falrebild 
<No.  904.  Marcb  15,  1902),  June  7,  1902. 

Djet.  "This  \9  treated  like  any  ulrntm.  (See  No.  8823.)  Tbla  la  given  a 
aeparute  immher  as  It  comes  from  500  miles  soutb  of  tlie  locality  whence  No. 
8S2ft  was  sent.  ttiH-ured  through  the  DBsistauce  of  !kfr.  Rnpliael  Sa.veKb,  of  Bas- 
Borab."      (Falrch  ild. )  a 

6823.  ilciticago  nallva.  Alfalfa. 

From  Bagdad,  Arabia.  Sent  by  Agha  Mohammed,  the  Nawab  at  Kasl- 
mnln  and  conttutar  agent  at  that  place  for  His  Brltiflb  Majesty.  Received 
through  MermrH.  Lathrop  and  Fairchild  (No.  S81.  Mart-h  10,  1902),  June  7,  1902. 

Djet  or  Ei-djet.  "  A  larger  quantity  of  seed  can  be  secured  through  ar- 
rangement with  the  American  vlce-counul  at  Bagdad,  Mr.  Itudulph  Hdmer. 
Although  the  Nawab  admits  this  to  be  the  best  plant  for  horses  he  has  ever 
grovvn,  be  says  that  he  Is  the  first  In  the  region  o[  Bagdad  to  grow  it,  aud  this, 
notwithstanding  the  fact  that  at  -Kerbella,  only  a  day'a  Journey  away,  large 
areas  liave  been  planted  to  It  from  ancient  times.  In  the  especially  hot  summers 
the  flfltls  are  lrrlgate<t  three  times  a  month ;  In  the  cooler  summers  only 
twice.  From  9  to  10  cuttings  are  taken  each  year,  and  the  fields  are  manured 
with  stable  manure  after  each  cutting.  The  life,  i.  e..  profitable  life,  of  a  field 
of  tbis  djct  is  seven  years.  This  variety  should  be  admirably  suited  to  our 
irrigated  landn  in  California  and  Arizona,  and  deserves  a  trial  in  comparison 
with  the  Turkestan  alfalfa.  It  should  also  be  tested  as  to  alkali  resistance." 
(Fa  ink  Hit.)  K 

12002.  iledicogo  »ativa.  Alfalfa. 

From  Bnssorah,  Arabia.  Secnred  through  H.  P.  Cbalk,  esq..  American  con- 
sular ngeut    Iteceivetl  February  27,  IfiOS, 

"From  prellmlnnry  tests  of  this  alfalfa,  made  from  a  prerlous  Importation, 
iiuder  S.  P.  I.  No.  8800.  it  seems  probable  that  this  particular  stralu  will  make 
a  more  rapid  growth  than  the  ordinary  varieties  cultivated  in  tbia  country  and 

<■  Seeds  and  Plants  Iiii]H>rte<I  During  tlie  I'eriod  from  September,  1900,  to 
Decemiier,  190.t.  Inventory  No.  10.  Bulletin  No,  66.  Bureau  of  Plant  lu- 
duatry,  1005,  p.  227.  ■    ' 

»  Loc.  Pit,  p.  229. 
"8 
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maj  prove  eapeclally  ralunble  for  certain  r^ona  iii  muthera  California  and 
Arlsona.  These  preliminary  experlmenta  bave'been  carried  on  at  the  Pomona 
substation  In  California,  wbere  thlH  variety,  togetber  nitb  tbe  ordinary  and  the 
Turkestan  varieties,  planted  Hide  by  Bide  at  tbe  same  time,  exhibited  most  un- 
usual rapidity  of  erowtb."      (Falrchllrl.)'' 

The  writer  has  not  seen  plants  of  No.  8823,  but  in  June  of  the 
present  season  (1907)  saw  on  the  California  substation  farm  at  Tu- 
lare a  plat  of  the  ori^nal  importation  (S.  P.  I.  No.  8806)  mentioned 
by  Mr.  Fairchild.  This  has  the  same  characters  as  the  more  recently 
imported  seed  (S.  P.  I.  Ko.  12992)  used  in  the  present  experiments. 

The  comparative  amount  of  growth  made  at  Yuma  by  the  (1) 
Peruvian,  (2)  Arabian,  (3)  Turkestan,  and  (4)  home-grown  Arizona 
alfalfa  from  the  date  of  last  cutting  up  to  November  15,  1906,  is 
shown  in  figure  3,  At  that  time  the  Arabian  stood  next  to  the  Peru- 
vian variety.  During  the  present  season,  the  Arabian  alfalfa,  though 
still  easily  second,  has  fallen  off  considerably  in  growth.  In  rapidity 
of  growth,  also,  the  Arabian  sort  is  intermediate  between  Peruvian 
and  ordinary  alfalfa. 

The  zero  point  of  Arabian  alfalfa  is  higher  tlian  that  of  the  Peru- 
vian and  lower  than  that  of  common  alfalfa ;  hence,  it  has  a  shorter 
growing  season  than  the  Peruvian  and  a  longer  growing  season  thui 
common  alfalfa.  It  has  the  same  lack  of  hardiness  as  the  Peruvian 
variety,  and  its  plants  are  also  quite  hairy,  Neverthelews,  the  two 
varieties  are  readily  distinguished  from  one  another.  The  most  evi- 
dent botanical  difference  between  the  two  is  to  be  found  in  the  leaves. 
The  leaflets  of  the  Peruvian  alfalfa  are  very  long  compared  to  their 
width,  being  from  3  to  5  times  as  long  as  broad.  Tbe  forms  having 
three  and  four  leaflets,  shown  in  figure  8,  are  typical  of  the  Peruvian 
variety.  The  leaflets  of  the  Arabian  alfalfa  are,  on  the  other  hand, 
very  broad  in  comparison  to  their  length,  giving  an  impression  of 
roundnes-s.  They  range  from  IJ  to  3  times  as  long  as  broad.  The 
average  width  was  found  by'  measurement  to  be  13.6  mm.  and  the 
average  length  27  mm. 

In  its  floral  characters  the  Arabian  is  much  nearer  the  common 
form  (fig.  4)  than  is  the  Peruvian  alfalfa  (fig.  5).  The  flowers  are 
usually  smaller;  the  long  calyx  teeth  characteristic  of  the  Peruvian 
form  are  not  present,  nor  are  the  teeth  as  long  in  comparison  with 
the  calyx  tut>e  in  the  Arabian  variety. 

The  low  zero  point  of  the  Arabian  strain  may  have  been  brought 
about  by  long-continued  cultivation  under  a  mild  winter  climate  jwr- 

a  Seeds  and  Plants  Iiiii>orted  During  the  PiTlod  from  Decemlier.  lOCKI,  to  De- 
cember, 1905.  Inventory  No.  11.  Bulletin  97,  Bureau  of  Plant  Industry,  1907, 
p.  121. 
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mittiiig  growth  by  plants  having  a  low  zero  point.  Like  th€  Peru- 
vian, the  Arabian  alfalfa  has  a  hi^  optimum  temperature,  acquired 
no  doubt  by  cultivation  since  almost  prehistoric  times  in  hot  deserts. 


BBOXNT  BOTAHICAI.  HI8TOBT  OP  CtlXTIVATED  AXPAXPA. 

The  view  that  cultivated  alfalfa  is  not  one  homogeneous  species,  but 
is  composed  of  numerous  strains,  varieties,  or  even  subspecies,  requir- 
ing different  cultural  treatment,  is  a  somewhat  new  one,  but  appears, 
nevertheless,  to  be  correct. 


:  A.  calji :  B,  alaodard  ; 


Alefeld,"  in  1807,  writing  in  Germany  where  alfalfa,  or  luzerne  as 
it  is  there  called,  has  been  grown  increasingly  since  1573,  having  been 
introduced  about  that  time  from  Spain  through  France,  called  atten- 

II  luehrerer  Ku1tun>fl!inzeik.    Bat  Zelt,  25,  1867, 
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tion  to  the  now  well-known  fact  that  all  cultivated  plants  vary  extraor- 
dinarily on  account  of  their  being  distributed  by  man  into  regions 
haviDg  far  more  diverse  conditions  than  those  to  which  they  are  sub- 
jected through  the  ordinary  agencies  of  nature.  However,  he  goes  on 
to  state  that  there  is  a  very  noteworthy  exception  to'  this  well-nigh 
universal  rule,  namely.  Medicago  satlfa,  which  was  known  to  him  in 
a  large  number  of  wild  forms,  but,  despite  its  culture  since  remote 
antiquity,  in  only  a  single  cultivated  form. 

In  an  earlier  work  Alefeld,'  after  a  critical  study  of  the  wild  forms 
alluded  to  above,  most  of  which  were  collected  in  the  Himalaya  Moun- 
tains, described  a  number  of  new  subspecies  or  varieties  based  on  this 
material.  All  of  these  forms  were  placed  in  contradistinction  to  the 
cultivated  one  which  he  called  Medicago  satii-a  i-ulgaris  ("gemeine 
gebaute  Lucerne"),  and  r^^rded  as  one  form  with  no  varietal  differ- 
ences worthy  of  note. 

Later,  Urban  ^  in  his  monograph  of  the  genus  Medicago  recognized 
as  valid  Alef^Id's  classification  of  cultivated  alfalfa  in  the  subspecies 
vulgaris,  and  added  one  variety,  ga^tiila,  whose  distribution  is  given 
as  "only  near  Biskra,  Algeria."  Exact  botanical  knowledge  of  the 
forms  of  the  cultivated  plant  has  remained  in  practically  this  state 
until  the  present  day.  A  few  indefinite  and  imperfectly  understood 
forms  whose  names  are  based  largely  on  their  geographical  origin 
have  in  more  recent  times  received  a  certain  amount  of  acceptance. 

By  far  the  most  wi<lely  known  of  these  is  the  Turkestan  alfalfa, 
sometimes  loosely  called  the  variety  turkestanica,  which  has  been 
imported  in  large  quantities  and  has  in  some  cases  shown  itself  to  be 
especially  suited  to  particular  sections  of  this  country.  As  numerous 
distinct  strains  are  comprised  under  this  name,  the  variety  has  no 
botanical  standing.  Another  form,  specimens  and  see<ls  of  which 
were  sent  from  Tibet  to  Europe,  has  been  called  tihefima  by  Alefeld, 
chinensia  by  Werner,  and  by  still  other  authors  has  been  assigned  to 
Alefeld's  variety  rottmdifolia,  to  which  Alefeld  did  not  consider  that 
it  properly  belonged.  The  foregoing  represent.s  approximately  the 
present  state  of  our  botanical  knowledge  of  cultivated  alfalfa. 

WUJi  FOBMB  OP  KBDICAOO  8ATIVA. 

Perhaps  the  most  notable  wild  suhspecies  or  varieties  of  Medtrago 
sativa  that  have  been  described  arc  gaetnln  and  tunrt/iiia.  These 
differ  markedly  from  the  variety  discus.sed  in  this  paper  and  all 
other  cultivated  forms  in  having  glandular  hairj'  pods  and  calyces. 

"  Alefeld,  F.    Landwlrthsebnftllche  Florn.  Berlin,  ISfiS,  pp.  71-76. 
»  Urban.  I.     ProdroniiiH  eitier  Motiogriiphle  iler  Gattuug  Medicago  I*    V&tb.  d. 
bot  Verelon  d.  Prov.  Brandeiiburg.  15,  pp.  1-85.  1873. 
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GaetiUa.  although  Urban's  original  description"  of  it  is  very  inade- 
quate, seems  to  have  purple  flowers,  while  t\\^  tvnetana  of  Murbeck* 
has  yellow  ones.  Both  are  native  to  the  plateaus  and  mountains  of 
northern  Africa. 

The  little-known  Me<]icago  pattciflora  Ledeb.  and  .V.  roenilea  Less, 
are  placed  by  Urban  with  his  still  more  imperfectly  described  pUnli- 
fera  as  varieties  of  his  siibspecies  microcarpa,  characterized  as  having 
very  small  flowers,  6-6J  mm.  in  length,  and  pods  with  only  one-half 
to  2}  turns  and  only  3  to  3J  mm.  in  diameter.  No  fully  open  flower 
or  ripe  pods  of  ordinary  alfalfa  or  the  varieties  iiiTietana,  gaetvla, 
or  Peruvian  alfalfa  are  ever  so  small,  and  they  are  usually  from  IJ 
to  2  times  the  dimensions  given.  Indeed,  such  small  flowers  and 
pods  can  only  be  found  in  the  most  immature  specimens.  Medicago 
falcata,  with  Koch's  variety  glandrdosa  and  M.  media,  have  no  simi- 
larity to  Peruvian  alfalfa  or  other  forms  of  the  true  M.  sativa  L. 

DIPFERENCES   WHICH    DISTIKaUISH    PBB17V1AN  -ALFALPA. 

Accompanying  and  possibly  correlated  with  the  physiological  dif- 
ferences which  have  been  discussed  are  certain  other  characters  in  the 
form  and  habit  of  the  plants  which  serve  to  distinguish  this  variety 
fi-om  the  common  one,  both  in  the  field  and  in  herbarium  specimensJ 

In  the  field  Peruvian  alfalfa  "is  so  obviously  different  from  the 
alfalfa  ordinarily  grown  that  it  is  readily  possible  to  tell  at  a  glance 
where  the  plats  of  Peruvian  alfalfa  end  and  those  sown  to  common 
alfalfa  begin.  This  is  trite  even  in  cases  where  no  alleyways  inter- 
vene between  plats  and  during  the  summer  when  the  plants  are  in  the 
same  stage  of  development. 

The  Peruvian  plants  are,  on  the  whole,  taller,  the  stems  less 
branched,  and  fewer  stems  arise  from  each  crown.  (PI.  I.)  The 
plants  are  also  large  and  if  left  too  long  uncut  become  very  coarse 
and  woody.  They  are  vigorous,  erect  in  habit,  of  rajud  growth,  and 
make  especially  rapid  recovery  after  cutting. 

Perhaps  the  one  character  by  which  this  variety  can  be  most  read- 
ily distinguished  is  the  pul>escence  which  covers  the  whole  plant, 
somewhat  sparsely  at  the  base,  but  becoming  increasingly,  dense  in 
ascending  until  at  the  top  the  plants  are  densely  covered  with  minute 
downy  hairs.  The  common  variety  is,  on  the  other  hand,  quite  smooth 
except  for  a  very  slight  hairiness  at  the  top.  A  field  or  plat  of  the 
latter  has  the  typical  vivid  green,  while  a  plat  of  the  Peru^nan  variety 

"  LCK-.  <it. 

A  Murheck,  Kr.  C'ontrlb.  Qure  de  lii  Tuniele,  etc.,  Id  Luude  L'dIv.  Arsahrift,  vol. 
23.  1807.  p.  02. 
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has  a  silvery  grayish  green.  This  gray  color  of  the  Peruvian  alfalfa 
is  due  not  only  to  the  hairiness  of  the  plants  biit  also  in  part  to  the 
fact  that  the  veins  of  the  leaves  are  almost  white. 

The  midrib  and  secondary  veins  of  Peruvian  alfalfa  are  broader 
than  those  of  ordinary  alfalfa.  This  is  due  to  the  presence  of  a  wider 
strand  of 
colorless  wa- 
t  e  r  -  storage 
tissue  which 
makes  the 
leaves  ap- 
pear a  paler 
green  than 
those  of  the 
common  al- 
falfa. This 
tissue  is  also 

present   in       fio.  a.— Croaa  action   of  midrib  ot  lerrolnal   leaflet  of   I'eruvlan 
the  leaves  of  alfalfn,   Bhawlng  broad   baud  of  colorless   water-stoTBge   tissue. 

,.  ,  IMaanlSed  2-10  times.) 

ordinary   al- 
falfa, but  because  of  the  narrowness  of  the  veins  does  not  noticeably 
change  the  appearance  of  the  plants. 

Figures  C  and  7  show  cross  sections  through  the  midrib  of  Peruvian 
and  of  ordinary  alfalfa,  respectively.     These  are  magnified  240  times 
and  show  the  dorsal  epidermis  and  the  water-storage  tistiue  on  the 
leptome  side  of  the  veins 
[  of  the  terminal  leaflets. 
)      The   leaflets  are   rather 
'  long  obovate,  with  wedge- 
shaped  bases,  and  in  pri- 
mary   leaves    are    practi- 
cally all  as  long  or  longer 
than  the  leaf-stalka.     The 
outer  portion  of  the  leaf- 
lets iH  toothed,  the  bases 
entire,    and    each    midrib 
Fin.  7.— Croea  section  of  midrib  of  terminal  leaflet  of    ends  in  a  pronounced 
ordinary  alfalfa,  sliowlnd  narrow  band  of  colorless    tOOth.     As  compared  with 
wnter-HtoToge  CIsaue,     (MagnlBcd  ^140  times.)  .      ,  .  <■   >.    > 

typical  siwciniens  of  Med- 

icago  sativa  the  stalk  of  the  middle  leaf  (petiolule)  is  very  long  in 
proportion  to  the  main  stalk  of  the  whole  leaf  (petiole).  More  than 
fifty  specimens  of  both  forms  were  measured.  In  ordinary  alfalfa 
the  average  length  of  the  petiolule  was  found  to  be  les-i  than  one- 
eighth  the  length  of  the  petiole,  while  in  the  Peruvian  variety  it  was 
more  than  one-fourth  the  length. 
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Many  plants  of  the  new  variety  have  leaves  with  four,  five,  and  even 
six  leaSets,  instead  of  the  three  characteristic  of  alfalfa.  (See  fig.  8.) 
Of  nine  specimens  selected  wholly  at  random  from  a  field  at  Ynma 
four  were  found  to  bear  some  leaves  having  more  than  three  leaf- 
lets. It  seems  probable  that  this  character  may  bear  some  rela- 
tion to  the  long  petiolules  referred  to. 
The  presence  of  numerous  individuals 
showing  this  tendency  furnishes  an  op- 
portunity for  improving  the  quality  of 
.  alfalfa  hay  by  increasing  the  proportion 
of  leaves  to  stem  material.  It  is  believed 
that  by  careful  selection  a  five  or  even  a 
seven  leafed  type  can  be  fixed,  and  selec- 
tions are  being  made  with  this  purpose  in 
view.  Should  this  result  be  obtained,  an- 
other advantage  will  follow:  While  to  a 
careful  observer  the  plants  of  Peruvian 
alfalfa  are  obviously  different  from  all 
others,  the  seed  and  young  plants  differ 
Uftle,  if  at  all.  The  additional  leaflets 
would  furnish  an  unmistakable  mark  of 
recognition  that  would  tend  to  prevent 
the  sale  of  adidterated  seed  to  farmers  at 
the  high  prices  usually  commanded  by 
seed  of  a  valuable  new  variety  of  a  staple 
crop  plant. 

The  flowers  are  generally  longer  than 
in  ordinary  alfalfa,  some  attaining  a 
length  of  almost  half  an  inch  (12  nun.). 
Their  characteristic  color  is  plum  purple, 
while  in  the  common  alfalfa  it  is  violet. 
The  calyx  teeth  are  as  long  or  longer  than 
the  calyx  tube,  longer  than  the  pedicels — 
sometimes  equaling  in  length  the  keel. 
(See  figs.  9  and  10.)  The  floral  bract 
which  subtends  the  flower  is  longer  than 
the  calyx  tiibe  or  the  calyx  teeth  and 
np  to  twice  as  long  as  the  pedicels,  which  are  shorter  than  the 
calyx  tube. 

The  pods  arc  sparsely  covered  with  rather  long,  simple  hairs. 
Many  of  these  characters  fluctuate  more  or  less,  but  the  conditiona 
described  alwve  are  typical. 


FiO.  8. — Three,  four,  tlye 
Bli  leaf#d  forms  of  Ptn 
alffllfa.      (One-balf    natural 
Blie.) 
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In  view  of  the  numerous  divergences  which  this  strain  presents,  it 
is  advisable  that  it  be  given  a  distinct  varietal  name.  On  the  field 
the  most  easily  recognized  diffei-ence  is  the  gray  color  of  the  plants 
previously  mentioned,  and  this  is  best  described  by  the  term  canes- 
cent.  However,  the  Latin  equivalent,  canegeenn,  has  already  been 
used  for  a  variety  of  M.  orhi- 
eulai'U;  hence,  the  nearest 
Greek  equivalent  has  been  se- 
lected, and  it  is  proposed  to 
call  the  Peruvian  alfalfa  var. 
polia."  The  type  specimen,  a 
portion  of  which  is  shown  on 
Plate  III,  under  No.  590159, 
and  additional  type  material  under  Nos.  590160,  590161,  590162,  and 
590163,  have  been  deposited  in  the  National  Herbarium.  The  follow- 
ing description  is  submitted : 


Via.  9. — Flower  at  ci 

Ins    calyx    teatb    aa    Bbart 
tube.     (Bnlarged  ilz  times.) 


MadicB^  •ativR  L.  var.  polla,  n.  var. 

Plants  Iflri^,  viRoronB,  pubencent  throughout;  stems  erect  with  few  brancbes, 
woody  at  the  base.    Leaflets  of  lower  part  of  plant  small,  linear  lanceolate ;  the 
upper  leafleta  large,  rather  long  obovate,  with  cuneate  basea;  3-4  times  as  long 
as  broad ;  generally  longer  tban  petioles.    Veins  of  the  leaves  white.     Elpi- 
denpal  cell  walls  of  the  upper  leaf 
face    locally    thickened.     ( See    fig. 
12.)     Petlolules  long  In  comparison 
to  petioles,  usually  about  one-third 
to  one-flftb  the  length  of  the  latter. 
Stipules  large,  ovute-lauceolate,  gen- 
ernlly  without  teeth  on  the  Inner 
murglo,  at  the  top  of  the  plant  often 
as  long  or  longer  tban  the  petioles. 
Racemes     6-18     flowered,     rather 
abort,  loose  and  not  capitate.     Flow- 
ers nitlier  large,  attaining  a  length 
-of  12  mm.    Pedicels  from  half  the  length  to  an  long  aa  the  tube  of  cnlyx.    Calyx 
thickly  covered  with  apprextie*!,  not  glandular,  balm;  the  teeth  as  long  aa  the 
tube  Hiid  ii|)  to  1^  times  longer.    Corolla  plum  purple,  standard  rather  broad. 
Wings  somewhat  exi'eetling  the  keel  In  length.     I^egunies  from  4  to  tl  mm.  in 
diameter ;  twisted  Hplrnlly  from  2  to  4  tlmex :  tbe  spirals  not  compressed ;  coveretl 
with  long  hairs;  tbe  dorsal  and  ventral  sutures  thickened  and  prominent,  tbe 
central  aperture  small  but  clearly  defined. 

The  spirals  of  most  alfalfas  are  almost  flat,  while  those  of  the 
Peruvian  variety  are  not  compressed  and  in  fre.sh  specimens  have  an 


°  llaXiii.  with  gray  or  white  hairs,  hoary. 
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inflated  appearance.  The  small  mature  head  in  figure  11  shows  this 
character.  Few  heads  were  mature; 
hence,  the  early  one  shown  here  is  much 
smaller  than  the  average. 

The  presence  of  local  thickenings  of  the 
cell  walls  of  the  epidermis  of  the  upper 
face  of  the  leaves  was  detected  by  Dr. 
Theo,  Holm.  These  thickenings,  magni- 
fied 240  times,  are  shown  in  figure  12, 
They  have  been  found  to  be  present  in 
some  specimens  of  ordinary  alfalfa,  but 
are  very  sparse.  Their  presence  has  con- 
siderable value  as  a  diagnostic  character, 
although  they  can  be  seen  only  by  using 
the  microscope. 


Ability  to  set  seetl  freely  is  of  the 
greatest  importance  in  bringing  a  new 
variety  into  successful  culture.  This  is  es- 
pecially true  in  the  case  of  alfalfas,  clo- 
1,  and  other  leguminous  forage  plants. 
reruTian  aiiaira,  abowiDg  Peruvian  alfalfa  has  this  good  quality 
i"^''u  'iC^r^'  '^°"  '"  *  marked  degree.  In  many  localities 
alfalfa  blooms  profusely,  but  the  flowers 
bla.st  and  fall  off  without  forming  seed.  Several  causes  are  responsi- 
ble for  this,  but  the  most  im- 
portant ones  arc  insect  injury 
and  the  prevalence  of  unsuit- 
able weather  during  that  part 
of  the  flowering  period  when 
pollination  takes  place  most 
readily.  Under  the  climatic 
conditions  to  which  the  Peru- 
vian variety  has  shown  itself 
best  adapted  the  flowers  are 
easily  fertilized  and  produce 
an  abundance  of  seed.  Obser- 
vations thus  far  recorded  tend   p.,„  r^^_^^y  ,hickeni«p.  at  ih«  wall,  of 

to    show    that    this    form    seeds         the    epidermal    celLs    ot    Peruvian    airaira 

more   freely    in    cool    weather       '^™     'Magnified  2^o  tim™., 

than  in  hot.     This  indicates  that  the  optimum  temperature  for  seed 


.1. — Small  mature  bead  ol 
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production  is  considerably  lower  than  the  optimum  for  growth  and 
that  in  both  cases  temperature  is  the  limiting  life  history  factor  »  con- 
trolling the  functions  in  question. 

The  low  optimum  temperature  for  seed  production  may  at  first 
sight  appear  to  work  against  the  success  of  this  alfalfa  in  the  hot 
climate  of  the  Southwest.  This,  however,  is  not  proving  to  be  the 
case,  as  the  low  zero  point  of  growth  makes  possible  the  formation  of 
seed  in  autumn  when  the  temperature  curves  (see  fig.  2)  are  falling. 
While  definite  data  are  as  yet  lacking  on  this  point,  it  appears  that  an 
important  practical  advantage  may  result  from  the  low  optimum,  as 
a  later  crop  can  then  be  devoted  to  seed  production.  This  would 
result  in  an  extra  hay  crop  in  years  when  seed  is  grown.  Further- 
more, farm  work  and  other  considerations  make  autumn  the  most 
convenient  time  for  harvesting. 

S01TBCE  07  PEBUVIAN  SEES.. 

The  exact  source  in  Peru  of  the  seed  used  in  these  experiment 
{S.  P.  I.  No.  9303)  is  not  known.  It  was  sent  to  the  Department  of 
Agriculture  by  Mr.  Adolfo  Eastman  y  Cox,  who  in  his  letter  trans- 
mitting the  same  said : 

Ttie  s«ed  Beat  Is  ot  the  Peruvian  yarlety,  and  I  bope  It  Is  a,  tme  sample,  as  I 
asked  the  agents  to  spure  no  pains  la  getting  seed  of  tbe  best  quality.  I 
seud  It  aa  a  present  to  the  Department  ot  Agriculture,  to  whose  liberality  In 
sending  we  various  of  Its  pulillcatlons  I  am  deeply  indebted. 

lu  tbe  Experiment  Station  Record,  trials  on  tbe  value  of  different  varieties 
ot  alfalfa  are  mentioned,  but  nowhere  la  the  Peruvian  variety  spoken  of.  As 
far  as  my  experlem*  goes,  the  last  has  over  the  Chilean  variety  tbe  following 
advantages:  The  stems  are  hollow  and  more  succulent  and  grow  higher.  It 
commences  Its  growth  earlier  In  nprlng  and  grows  till  later  In  autumn.  Owing 
to  this  advantage  the  crop  per  acre  Is  heavier.  On  the  other  hand,  care  has 
to  be  taken  In  feeding  cattle  on  It,  aa  It  Is  apt  to  produce  hoven  (bloating). 

1  Mhould  be  pleased  if  the  results  obtained  with  It  would  correspond  with  my 
desire  that  it  may  tte  of  Home  uae  to  American  agriculturists. 

It  is  probable  that  the  tendency  to  cause  bloating  mentioned  by 
Mr.  Cox  may  be  due  to  the  hairiness  of  the  plants,  as  is  the  case  in 
red  clover.  It  has  been  found  that  in  thick  stands  the  plants  have 
very  few  hairs  except  at  the  top.  Thick  seeding,  not  less  than  20  to 
25  pounds  to  the  acre  of  good  germinable  seed,  is  therefore  recom- 
mended.    In  addition,  this  overcomes  the  tendency  of  the  plants  to 

"The  theorj-  of  limiting  factors  has  been  recently  discussed  by  several  inves- 
tigators. Perhaps  the  most  notable  papers  that  have  api)eared  are  those  of 
Blackman  and  Smith,  as  follows:  Blackman,  F.  F. :  Optima  and  Limiting 
Factors,  in  Ann.  Bot„  J!) :  281-295,  April,  !!•*©.  Smith,  A.  M. :  On  the  Applica- 
tion of  the  Theory  of  Limiting  Factors  to  Sleasurements  and  Observations  of 
Growth  In  Ceylon,  lu  Ann.  Itoy.  Bot.  Gardens,  Paradeniya,  3 :  303-375,  No- 
vember, 1906. 
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become  hard  and  woody,  leaving  the  stems  even  mora  succulent  than 
those  of  the  common  alfalfa  at  the  same  stage  of  growth. 

It  is  not  known  that  the  divergences  which  have  been  described 
as  aeparating  this  variety  from  our  commonly  cultivated  form  hold 
good  for  all  seed  of  Peruvian  origin.  Indeed,  there  is  every  reason 
to  believe  that  they  do  not;  but  it  does  seem  reasonable  to  suppose 
that  the  parent  seed  of  the  lot  used  in  these  experiments  may  have 
been  grown  for  many  generations  at  a  high  .altitude  in  an  equa- 
torial region  where  the  annual  range  of  temperature  is  ctunparatively 
small — the  summers  are  not  very  hot  nor  the  winters  very  cold. 
There  are  well-authenticated  reports  of  alfalfa  growing  in  the  Andes 
up  to  an  altitude  of  .3,426  meters,  or,  roughly  speaking,  11,000  feet 
In  this  connection,  a  further  illustration  has  been  found  of  the  prac- 
tical importance  of  the  zero  point  in  plant  economy. 

ALFALFA  FBOFAOATKD  BT  CTJTmnML 

Andr6,"  in  a  description  of  Ibarra  (78°  17'  W.;  0°  24'  N.;  alt. 
7^30  feet)  and  its  environs  in  northern  Ecuador,  thus  describes  a 
method  of  vegetative  propagation  *  of  alfalfa  wh'ich  he  found  in  use 
in  this  region : 

Id  examlDlDg  the  metbods  of  cuttlvatton,  I  foand  that  Incem — tbe  altalfa  so 
valuable  for  stock — Is  not  sown  but  planted  by  band.  In  order  to  seed  down  a 
fleld  It  Is  first  plowed  deeplr.  and  the  solt  well  looBened — wblcb  la  easy  in  tbese 
sandy  soils — then  pieces  of  tbe  roots  of  lucern  are  planted  50  to  60  centlmetnv 
(20  to  24  Inches)  apart  A  crop  the  same  year  Is  assured,  whereas  two  year** 
delay  results  If  seed  Is  nsed.  It  Is  now  Jnne.  the  time  when  this  plantlnj;  is 
done.    The  farming  population  Is  also  harvesting  the  peas,  beans,  and  wheat. 

•Andr^,  Bd.  L'Am^rlque  ^ulnoxlale,  etc.,  In  Tour  du  Monde,  vol.  46,  No. 
1171.  188.1.  drat  balf  year,  p.  374. 

»  Westgate  and  Oliver.  In  n  recent  bulletin  (Tbe  Appllcstlon  of  Vegetative 
Propagation  to  Legumlnoae  Forage  Plants.  Bnl.  No.  102.  Part  IV,  Bureau  of 
Plant  Industry,  1007),  descrlite  a  method  of  propagating  alfalfa  from  cuttings 
snggeeted  by  Dr.  B.  T.  Galloway.  Inability  to  secure  sufflclent  quantities  of 
seed  has  often  delayed  the  bringing  of  newly  Introduced  plants  Into  commereiai 
culture.  Work  In  selection  has  also  been  greatly  hindered  by  tbe  length  of 
time  required  for  propagating  seed  enough  for  fleld  trials.  Tbe  method  of  prop- 
agation by  cuttings  described  in  the  bulletin  mentioned  will  be  very  useful  In 
helping  to  overcome  both  of  these  dlOtcaltles.  A  few  plants  of  tbe  Pemvlan 
alfalfa  described  In  the  present  paper,  which  withstood  the  winter  of  1903-4  In 
Washington,  were  used  or  tbe  basis  of  their  experiments.  It  was  observed  that 
lu  1M3  a  plat  of  Peruvian  alfalfa  In  the  grasis  garden  of  the  Departrnmit  of 
Agriculture  was  not  Injured  by  the  leaf-apot  fungus  {Pgeudopetlxa  medicaglnii), 
while  a  check  plat  of  common  alfalfa  was  almost  destroyed.  Although  leaf-spot 
Is  not  regarded  as  a  particularly  destructive  disease  In  regions  where  alfalfa  Is 
grown  under  Irrigation.  It  does  conalderahle  damage  under  the  humid  conditions 
prevailing  In  tbe  eastern  United  States,  where  great  Interest  Is  now  taken  In 
alfalfa  culture. 
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Andr^  further  states  that  he  found  the  mean  annual  temperature, 
measured  by  the  method  of  Boussingault,  equal  to  16°  C.  (60.8°  F.). 

It  is  apparent  from  this  that  the  sum  of  the  daily  temperatures 
above  the  zero  point  during  the  growing  season  is  sufficient  to  produce 
a  crop  during  the  same  year  if  the  method  of  propagation  by  cut- 
tings is  used,  but  when  seed  is  used  two  years  are  required  to  reach 
a  sufficient  total  sum  of  heat  to  produce  a  crop.  In  this  case,  however, 
the  low  zero  point  is  a  secondary  factor,  as  the  difference  in  the  time 
required  is  not  due  wholly  to  ability  to  grow  at  relatively  low  tern- 
perature^  Another  factor — the  utilization  of  a  reserve  supply  of 
plant  food- — is  probably  the  most  important  influence  in  shortening 
the  time  necessary  for  producing  a  hay  crop. 

That  the  practice  of  propagation  by  cuttings  is  still  used  with  great 
success  in  the  Ecuadorian  plateau  is  shown  by  a  recent  report  on 
alfalfa  culture  by  Consul-General  Hennan  R.  Dietrich,  of.(iuaya- 
quil,  based  on  information  furnished  by  Senor  Luis  Martinez,  for- 
merly chief  of  the  section  of  agriculture  of  the  Department  of  Public 
Instruction  of  Ecuador.     The  paragraphs  in  question  are  as  follows : 

CtiUtvatlon. — Sometimes  tbe  seed  Is  bowd  broadcast  In  the  Oeld,  but  tbe  most 
UBnal  manner  is  to  transplant  tbe  sboots  In  lines  or  furrows,  to  facilitate  Irri- 
gation. After  each  crop  Is  cut  the  soil  at  tbe  roots  of  the  plant  Is  loosened 
and  tbe  field  Is  Irrlfcated. 

Yield.— la  rich  sol]  the  yield  Is  enormous,  sometimes  reaching  120,000  pounds 
per  hectare  per  year.  Tbe  normal  yield  is  80,000  pounds.  In  the  table-lands 
tbe  alfalfa  gives  from  five  to  seven  crops  yearly.  In  the  very  high  altitudes, 
of  2,800  meters  or  more.  It  scarcely  gives  three  crops  per  year. 

As  there  Is  no  winter  In  ICcuador  ttie  alfalfa  is  always  fresh  and  vlgoruos,  and 
for  that  reason  It  Is  not  made  into  bay. 

THE  OUABJUTDA  Ai:.PALrA  OP  ECUADOB. 

The  &mous  "  Guaraiida  "  alfalfa,  so  called  because  exten^vely 
grown  around  Guaranda,  the  capital  of  the  province  of  Bolivar,  at 
an  altitude  of  about  8,894  feet,  proves  to  be  very  like  the  Peruvian 
alfalfa  already  described.  The  Guaranda  alfalfa  ^nt  to  the  De- 
partment of  Agriculture  by  Senor  Martinez  (S.  P.  I.  14972)  shows 
the  same  upright  habit  of  growth  as  the  Peruvian  alfalfa,  the  same 
or  a  very  similar  zero  point  for  growth,  and  the  same  large  plum- 
colored  flowers  and  long  calyx  teeth.  Although  much  more  hairy 
than  ordinary  alfalfa,  it  is  not  so  hairy  as  the  Peruvian,  and  the 
petiolules  are  slightly  shorter  in  proportion  to  the  petiole.  Aside 
from  these  two  points  last  mentioned  the  Guaranda  alfalfa  seems  to 
be  the  same  as  the  Peruvian,  and  more  complete  material  will  prob- 
ably prove  it  to  belong  to  the  variety  polia,  which  doubtless  extends 
to  all  the  high  table-lands  along  the  Andes  where  alfalfa  culture  is 
practiced. 
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The  well-known  botanist  Luis  Sodiro,  S.  J.,  writes  concerning 
alfalfa  culture  in  the  higher  Andean  plateau  as  follows : " 

.  ,  .  The  "  Velasco  "  property,  belonging  to  Sefior  J,  Julio  Barba,  near  the 
town  of  Pomasqui,  three  leagaes  from  Quito,  ...  Is  situated  at  an  elevation 
of  2,800  meters  (9,186  feet)  ;  the  mean  temperature  Is  between  15°  and  10°  C. 
(59°-60.8°  P.),  with  slight  variations  between  the  day  and  the  night;  the  boII 
1b  Bandy  and  aufficlently  provided  with  organic  matter;  the  surfac-e  Is  almost 
horizontal;  the  Irrigation,  though  not  abundant  In  proportion  to  the  extent 
of  the  tract  oultlvated.  Is  amply  sufflclent  for  the  needs  of  vegetation.  .  ,  . 

1  viBltcd  this  property  during  the  latter  part  of  August  of  the  present  year. 
and  in  spite  of  the  Bve  months'  drought  that  had  Just  passed,  Interrupted  only 
by  a  few  light  showers  of  rain,  1  found  the  whole  field  In  the  beat  state  of 
growth  that  c-ould  be  desired.  The  turf  In  flower,  then  near  the  time  of  the 
harvest,  measured  from  80  to  100  centimeters  (31  to  39  inches)  in  spite  of  being 
only  50  days  old. 

Ordinarily  cnttlngs  are  made  every  sixty  days.  Bach  square,  consequently, 
may  be  cut  aa  many  as  six  times  annually. 

The  variety  that  Is  cultivated  there  Is  what  Is  called  the  "  Ouaranda,"  from 
the  town  of  this  name  In  the  province  of  Bolivar, 

The  preparation  of  the  land  for  planting  depends  on  Its  condition  and  re- 
qulren  Its  division  Into  sections,  tlie  making  of  the  projier  cnnals  for  Irrigation, 
cleaning  It  from  weeds,  etc.  In  sowing  the  seed  It  la  usual  to  employ  from  20 
to  25  pounds  per  hectare  (]7J-22i  ixiunds  j)er  acre).  Four  (ir  Hve  months  after 
the  sowing  it  Is  in  condition  to  he  cut  for  the  flrst  tlme,^  after  which  it  does 
not  require  more  than  from  fifty  to  sixty  days,  according  to  the  local  conditions, 
between  one  cutting  and  another,  to  l>e  newly  harvested. 

The  value  of  the  annual  product  of  a  hectare  can  be  considered  as  from 
J12.50  to  815,  and  the  cost  of  production  froni  *3  to  S4.  A  field  well  cared  for 
will  remain  lu  good  condition  for  thirty  years;  but  these  figures  will  also  vary 
greatly  according  to  the  condition  of  the  soil,  so  that  it  is  dllBcult  to  formulate 
general  data. 

At  Phoenix,  Ariz.,  Guaranda  alfalfa  sown  with  eleven  other 
sorts  early  in  November,  1906,  Was  reported  on  February  23,  190",  as 
having  an  "  excellent  stand  "  and  being  the  "  best  looking  alfalfa  on 
the  plats,"  despite  the  late  date  of  seeding. 

ADVANTAGES  AND  DISADTANTAaES  OF  FEBtnTIAN  ALFALFA. 

It  is  just  as  important  to  know  the  weaknesses  of  a  variety  as  its 
jwints  of  strength. 

The  present  investigations  have  demonstrated  that  in  the  area  to 
which  it  is  suited  Peruvian  alfalfa  has  numerous  advantages  over  all 
other  sorts.     It  has  greater  vigOr,  grows  more  rapidly,  and  recovers 

'This  Important  letter,  dated  Quito,  September  28,  1907,  Is  addressed  to 
Consul -Genera  I  Herman  R.  Dietrich,  at  Guayaquil,  whose  hlndness  In  sending 
this  and  other  valuable  information  on  Andean  alfalfa  culture  Is  here  grate- 
fully acknowledged. 

'Tn  Judge  from  Andre's  statements  (p.  20),  it  la  highly  probable, that  such 
alfalfa  fields  must  have  been  planted  with  cuttings,  as  seedling  alfalfa  could 
scarcely  reach  a  sufBcient  height  for  cutting  In  four  or  five  months  If  grown 
at  an  altitude  of  9,000  feet  or  thereabsuta. 
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more  quickly  after  cutting.  By  reason  of  its  low  zero  point  of  growth 
it  has  a  longer  growing  season,  under  favorable  conditions  continuing 
growth  throughout  the  winter.  It  is  more  resistant  to  frost  and  ma- 
tures its  seed  later  in  the  autumn.  These  factors  result  in  the  pro- 
duction of  one  or  two  additional  hay  crops  each  year. 

When  grown  in  the  region  to  which  it  is  suited  but  two  disadvan- 
tages have  been  noted — hairiness  and  a  tendency  to  become  woody. 
It  has  been  found  that  both  of  these  adverse  conditions  can  largely 
be  prevented  by  thick  seeding.  Lack  of  hardiness  will  always  confine 
the  Peruvian  variety  to  limited  areas.  On  account  of  th6  tendency 
of  the  stems  to  become  hard  and  woody,  it  is  not  suitable  for  cultiva- 
tion in  regions  where  dry  farming  is  practiced,  for  in  order  to  secure 
the  best  results  in  the  dry-land  culture  of  alfalfa  tJiln  seeding  is  a 
necessity. 

StTHMABT. 

In  the  course  of  life  history  studies  of  alfalfa  it  has  been  found 
that  a  Peruvian  strain,  seed  of  which  was  presented  to  the  Depart- 
ment of  Agriculture  by  Mr.  Adolfo  Eastman  y  Cox,  of  Chile,  is 
sufficiently  different  from  all  other  alfalfas  to  constitute  a  distinct 
botanical  variety.  In  addition  to  many  technical  differences,  this  new 
variety  grows  more  rapidly,  makes  quicker  recovery  after  cutting, 
begins  growth  earlier  in  spring,  and  continues  growth  later  in  autumn 
than  the  strains  commonly  cultivated.  This  results  in  one  or  two 
additional  cuttings  each  year,  thereby  greatly  increasing  the  yield  to 
the  acre.  Besides  this,  the  yield  for  each  cutting  is  greater  on 
accoimt  of  the  vigorous  growth  of  the  plants. 

These  differences,  so  important  from  an  economic  standpoint,  have 
been  explained  in  large  part  through  the  determination  of  the  zero 
point  of  growth  of  this  variety.  The  zero  point  of  any  crop  plant 
may  be  briefly  defined  as  the  mean  temperature  above  which  growth 
begins  in  spring  and  below  which  it  ceases  in  autumn.  Peruvian 
alfalfa  has  an  unusually  low  zero  point,  which  enables  it  to  take 
advantage  of  temperatures  too  low  to  stimulate  growth  in  other 
kinds. 

The  view  that  cultivated  alfalfa  {Medicago  satifa  L.)  is  not  one 
homogeneous  species,  but  is  composed  of  numerous  strains,  varieties, 
or  even  subspecies,  appears  to  be  substantiated  by  the  present  investi- 
gations. 

The  name  Medicago  satina  var.  polia  is  proposed  for  the  new  vari- 
ety, of  which  a  technical  description  is  given,  together  with  a  dis- 
cussion of  the  probable  conditions  under  which  it  originated. 

Investigation  has  shown  that  Peruvian  alfalfa  can  be  grown  to 
greatest  advantage  only  under  irrigation  and  in  the  Southwest,  where" 
the  climate  is  mild  in  winter.     It  winterkills  easily  and  hence  should 
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not  be  grown  where  the  winters  are  rigorous.  It  is  not  known  to  be 
drought  resistant,  and  even  if  it  should  prove  to  be  it  has  the  draw- 
back of  becoming  very  woody  if  sown  thinly,  as  is  necessary  when 
dry-land  alfalfa  culture  is  practiced.  The  chief  causes  of  success  in 
the  area  to  which  this  alfal^  is  suited  and  the  main  reason  for  failure 
in  the  region  to  which  it  is  unsuit«d  have  been  found  to  depend  on 
tiie  same  factor,  namely,  the  low  zero  point  of  growth.  In  the  one 
case  this  makes  growth  possible  during  an  unusually  long  season, 
resulting  in  greatly  increased  yields;  while  in  the  other  it  is  responsi- 
ble for  the  presence  of  tender  tissue  when  cold  weather  comes,  which 
results  in  the  killing  of  the  plants  by  the  first  severe  freeze. 

It  is  hoped  that  the  observations  here  recorded  will  indicate  lines 
on  which  the  breeding  and  selection  of  alfalfa  and  other  crops  may 
be  conducted,  based  on  a  knowledge  of  the  life-history  factors  con- 
trolling the  growth  of  the  plant. 

The  Department  of  Agriculture  has  very  little  seed  of  this  variety 
on  hand  at  the  present  time,  and  none  for  general  distribution.  Dur- 
ing the  current  season  it  is  hoped  that  a  small  supply  for  propagat- 
ing purposes  will  be  secured  from  the  experiments  now  under  way. 
Cooperators  who  have  been  furnished  with  seed  should  devote  their 
plats  to  seed  production,  in  order  to  aid  in  the  extension  of  this 
promising  alfalfa  in  the  area  to  which  it  is  particularly  suited — the 
Southwest. 
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DESCBIFTION  OP  FI.ATES. 

Plate  I.  {FronUgpiece.)  A  elngle  plant  of  Peruvian  nlfalfn.  showing  Ita  habit 
of  growtb,  lack  of  brancblDK.  etc.  It  Ih  3  feet  from  tbe  grouDd  to  the 
arrow  Dear  tbe  top.  The  plant  Is  one  year  old  aod  wbb  grown  at  Yuma. 
Arls.  Two  stems  from  tbe  plant  bere  obown  have  been  deponlted  In  the 
National  Herbarium  under  No.  5901B0  as  paratypeti.  <Negatlve  by  Mr, 
C.  a.  Scofield.) 

Plate  II.  Fig.  1. — A  plat  of  Penivlan  alfalfa  on  tbe  United  States  Reclamation 
Service  tract.  Yuma.  Ariz.  Average  height  of  plants  fully  3  feet.  Photo- 
graphed June  a.  1907.  Fig.  2. — Eebllll  Oasla  alfalfa  growing  on  a  plat  con- 
tiguous to  that  of  the  Peruvian  variety  shown  in  figure  1.  Although  these 
plats  are  of  the  same  age  and  have  received  the  same  cultural  treatment, 
tbe  Oasis  alfalfa  Is  not  yet  knee  high,  wbile  tbe  Peruvian  is  nenrly  waist 
blgh.     Pbot<«rapbed  June  0.  1907. 

Plate  III.  A  specimen  of  Peruvian  alfalfa,  photographed  June  Q,  1007,  at  nat- 
ural size,  from  fresh  materinl  grown  at  Yuma,  Ariz.,  showing  (lowers  and 
almost  mature  head.  This  branch  and  the  Btem  from  wbleb  It  was  taken 
have  been  deposlte<l  In  the  Nationnl  Herbarium  under  No.  G90159  and  con- 
stitute tbe  type  of  Medivago  tativa  vur,  pnlla. 

lis 
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A  Specimen  of  Peruvian 


Showing  Flowers  ano  Almost  Mature  Hej 
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LETTER  OF  TRANSMITTAL 


U.   S.   Department  of  Aoricdltcbb, 

Bureau  of  Plant  Inddstey, 

Office  of  the  Chief, 
Washington,  D.  C,  October  7, 1007. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"The  Mulberrj'  and  Other  Silkworm  Food  Plants,"  by  Mr.  George 
W.  Oliver,  Plant  Propagator  of  this  Bureau,  and  recommend  that  it 
be  published  as  Bulletin  No,  119  of  the  Bureau  series. 

In  1903  Bulletin  Xo.  34  of  the  series  of  the  Bureau  of  Plant  Indus- 
try, entitled  "  Silkworm  Food  Plants:  Cultivation  and  Propagation," 
by  Mr.  Oliver,  was  prepared  and  issued  at  the  request  of  Dr.  L.  O. 
Howard,  Entomologist  of  the  Department  of  Agriculture,  who  has 
charge  of  the  investigations  connected  with  silk  culture  in  this  coun- 
try. Bulletin  So.  34  has  long  been  out  of  print  so  far  as  the  supply 
of  the  Department  of  Agriculture  is  concerned.  A  new  edition  being 
called  for,  it  was  found  that  the  electrotype  plates  of  the  publication 
mentioned  had  been  destroyed,  and  it  was  therefore  thought  best  to 
arrange  with  Mr.  Oliver  to  prepare  a  new  paper,  bringing  the  infor- 
mation on  this  subject  up  to  date.  This  purpose  has  been  carried  out 
in  the  manuscript  now  submitted. 

Respectfully,  B,  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agnculture. 
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THE  MULBERRY  AND  OTHER  SILKWORM 
FOOD  PLANTS, 


INTBODTTCnON. 

The  small  group  of  trees  belonging  to  the  family  MoracesB  includes 
those  which  supply  the  silkworm  with  food.  There  are  three  genera 
in  the  group:  Morus,  the  niulben-y  (Pis.  I  to  VI);  Toxylon,  the 
Osage  orange  (PI.  VII,  fig.  1),  and  Broussonetia,  the  paper  mulberry 
(PI.  VII,  fig.  2).  The  last  named  is  not  true  mulberry,  although 
often  mistaken  for  such  and  in  some  States  miscalled  the  "  while 
mulberry  "  on  account  of  the  white  under  surface  of  the  leaf.  It  is 
absolutely  worthless  as  a  silkworm  food  plant. 

The  Osage  orange  provides  excellent  silkworm  food  only  when  ma- 
tured leaves  are  used.  Young  succulent  leaves  when  fed  to  the  worms 
cause  disease.  Silk  from  the  Osage  leaves  is  of  a  very  fine  quality, 
but  the  young  branches  of  this  tyee  are  thorny;  this,  together  with 
the  manner  in  which  the  leaves  wither  and  pack  down  after  gather- 
ing, makes  them  inferior  to  those  of  the  mulberry.  The  young  mul- 
berry buds  can  be  fed  to  the  worms  in  the  spring  at  a  time  when  the 
Osage  orange  buds  have  not  even  commenced  to  swell. 

The  mulberries  proper  consist  of  several  species,  and  of  these  there 
are  numerous  varieties.  The  white  mulberry  {Moru)>  alba) ,  shown  in 
Plates  I,  II,  and  III,  is  most  prized  for  feeding  the  silkworm;  it  is 
too  tender,  however,  in  northern  latitudes  with  severe  winters.  The 
Russian  mulberry  (PI.  IV),  which  is  a  variety  of  the  white  mulberry 
(3/.  alba  var.  tatanca),  is  better  adapted  to  cold  regions.  Although 
the  leaves  are  smaller  than  in  those  of  the  white  mulberry  and  much 
divided,  entailing  more  work  in  feeding  the  worms,  it  is,  nevertheless, 
considered  an  excellent  food  for  silkworms.  The  Chinese  miiHirauUn, 
another  variety  of  the  white  mulberry,  much  favored  for  feeding  pur- 
poses, is  too  tender  in  northern  latitudes.  Other  varieties  of  Morus 
alba  more  or  less  used  are  Moretti,  Downing,  Rosea,  and  Japonica. 
The  venosa  variety  of  the  white  mulberry  (1*1.  VI)  is  used  only  as  an 
ornamental  plant  and  has  no  value  for  feeding  silkworms. 

The  other  two  species  commonly  grown  in  the  United  States  are  the 
black  and  the  red  mulberry.    The  black  {Monta  nigra)  is  sometimes 
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used  for  feeding,  but  takes  lower  rank  in  this  respect  than  Moms  alba 
and  its  varieties.  The  red  mulberrj'  {3f.  rubra),  the  only  species 
native  to  the  eastern  United  States,  is  considered  the  most  undesir- 
able of  all  the  mulberries  as  a  silkworm  food  plant." 

PSOFAQATIOK  OF  THE  MTTLBBRBY. 

It  is  intended  to  show  in  these  pages  how  the  mulberry  may  be 
propagated  and  grown  so  as  to  provide  the  maximum  quantity  of 
leaves  for  the  supply  of  silkworms.  The  white  mulberry  under 
good  cultivation  is  a  low-growing  tree,  seldom  attaining  a  greater 
height  than  25  or  30  feet.  It  will  reach  this  height  in  a  compara- 
tively few  years  after  planting.  Although  it  will  live  to  a  good  old 
age,  its  growth,  like  that  of  most  other  trees,  is  most  rapid  when 
young.  As  the  trees  attain  their  full  height  they  become  stocky 
and  make  a  multitude  of  small  growths,  from  which  flowers  and 
fruit  are  produced.  The  fruit,  which  is  usually  abundant,  is  not  a 
favorite  in  this  country,  being  generally  considered  too  sweet  and 
insipid.  In  shape  it  may  be  said  to  resemble  more  or  less  that  of  an 
elongated  blackberry.  In  the  vicinity  of  Washington,  D,  C,  the 
trees  flower  about  the  middle  of  May  and  ripen  their  fruit  in  June. 

METHODS  OF  BEPBOOUCTION. 

The  usual  methods  of  propagating  in  use  for  fruit  trees  are  em- 
ployed, with  varying  degrees  of  success,  in  the  case  of  the  mulberry. 
These  methods  consist  of  budding,  grafting,  and  layering,  and  the  use 
of  cuttings  and  seeds.  Grafting  and  budding  are  by  far  the  most  ex- 
pensive methods,  and  it  is  doubtful  whether  the  results  justify  their 
use  so  far  as  raising  mulberry  trees  is  concerned.  Part  of  the  work 
connected  with  budding  and  grafting  consists  in  raising  stocks,  which 
are  seldom  large  enough  for  use  until  they  are  two  years  old.  At 
this  age  the  buds  or  grafts  are  inserted,  and  then  troubles  previously 
undreamed  of  present  themselves  to  the  inexperienced  cultivator. 
Were  the  mulberry  tree  as  easily  managed  so  far  as  budding  or  graft- 
ing is  concerned  as  are  the  peach  and  the  apple,  the  use  of  these  meth- 
ods would  be  feasible;  but  unfortunately  the  mulberry  is  far  from 
being  an  easy  subject  in  this  respect,  and  a  few  failures  are  apt  to 
produce  disappointment  and  disgust.  It  will  frequently  happen  that 
old  trees  must  either  be  removed  or  desirable  varelies  worked  on  them. 
Budding  or  grafting  may  be  resorted  to  in  such  cases. 

Raising  young  trees  from  cuttings  of  the  1-year-old  ripened 
wood  is  a  method  which  requires  but  little  skill.  As  with  budding 
and  grafting,  this  metbod  is  instrumental  in  perpetuating  varieties, 
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as  every  rooted  cutting  will  eventually  be  a  reproduction  of  the  tree 
from  which  it  was  taken.  This  is  not  the  case  with  plants  raised  from 
seed,  which  always  vary  considerably  from  the  parent.  For  this  rea- 
son some  mulberry  growers  in  Europe  object  to  the  seed  method. 
Some  of  the  seedlings,  even  from  a  single  parent  tree,  will  vary 
greatly  in  the  value  of  the  leaves  for  feeding  purposes.  Some  will 
be  thin  in  texture  and  lacking  in  the  necessary  chemical  constituents; 
s<Hne  very  hairy,  while  others  will  be  thick,  smooth,  and  in  every 
way  desirable.  Experienced  mulberry  growers,  however,  can  readily 
tell  the  value  of  a  seedling  tree  for  feeding  purposes,  and  it  is  there- 
fore possible  to  make  a  selection  in  this  respect  without  much  loss. 


Layering  may  be  practiced  when  facilities  for  the  other  methods 
are  not  at  hand  and  when  a  large  number  of  plants  is  not  required. 
It  consists  of  bending  down  .branches  of  low-growing  trees  or  suckers 
from  the  base  of  the  trunk,  cutting  half  way  into  the  wood,  then  mak- 
ing a  cut  of  about  an  inch  upward.  This  cut  part  of  the  shoot  is 
buried  in  the  soil  to  the  depth  of  6  inches,  the  soil  well  firmed  about 
it,  and  a  good-sized  stone  put  on  top.  If  kept  moist,  roots  will  soon 
form.  The  operation  of  layering  may  be  performed  at  any  time  dur- 
ing the  spring  or  early  summer.  Those  shoots  which  have  rooted  may 
be  separated  from  the  parent  and  planted  at  any  time  during  the 
autumn  or  early  spring.  ^\'hen  planting  the  rooted  layer  the  top  of 
the  shoot  should  be  removed;  this  will  induce  a  strong  growth  the 
following  summer. 

flVMlIER    CUTTINGS. 

Among  seedling  trees  there  will  always  be  found  individuals  the 
leaves  of  which  possess  great  adaptability  for  feeding  purposes,  such 
as  suitable  size  and  thickness  and  a  less  hairy  surface  than  that  ordi- 
narily found.  These  sliould  certainly  be  propagated  to  perpetuate 
those  desirable  characteristics. 

Propagation  should  be  started  after  the  seedlings  have  made  con- 
siderable growth,  in  order  to  insure  a  good  supply  of  wood,  and  these 
plants  should  be  increased  by  cuttings  during  the  summer  months. 
At  this  season  it  is  advisable  to  retain  some  of  the  leaves  on  the  cut- 
tings and  give  treatment  which  will  prevent  shriveling  during  the 
process  of  rooting.  The  cuttings  should  be  made  from  wood  as  ripe 
as  possible.  The  leaves,  besides  being  well  matured,  should  be  healthy 
and  free  from  noxious  insects.  During  July  the  lower  parts  of  the 
current  season's  shoots  will  be  found  in  good  condition  for  propa- 
gating. 

Trim  the  cuttings  similarly  to  those  shown  in  Plate  V.  At  least 
two  leaves  shortened  to  one-half  of  their  length  should  be  allowed  to 
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remain  on  the  cutting.  AMien  placed  in  the  propagating  bed  the  slips 
should  be  inserted  in  the  sand  in  a  direction  sloping  from  the 
operator.  Good  results  will  follow  if  a  cool  propagating  house  is 
used,  with  clean  sand  as  the  rooting  medium.  When  a  propagating 
house  is  not  available  a  wide  frame  provided  with  sash  will  answer 
the  puriwse.  The  frame  should  face  north,  and  if  in  the  shade  of 
trees  so  much  the  better.  The  sash  should  be  kept  shaded  during  sun- 
shine, so  that  a  humid  atmosphere  may  be  maintained  until  the  cut- 
tings take  root.  After  they  have  made  a  considerable  quantity  of 
roots  in  the  sand  they  should  be  transferred  to  beds  in  the  open. 
These  beds  should  be  5  feet  wide.  Place  the  rooted  cuttings  about  6 
inches  apart  each  way  and  water  copiously  until  established,  when 
they  must  be  exposed  freely  to  air  and  sunshine. 

HARD-WOOO   CtTTlXO.H. 

The  principal  supply  of  plants  may  be  secured  by  propagating 
from  cuttings,  which  should  l>e  made  from  dormant  wood  taken  from 
the  trees  just  after  the  leaves  have  fallen.  In  no  case  should  the 
cutting  wood  be  less  in  diameter  than  a  quarter  of  an  inch.  The 
cuttings  should  be  about  10  inches  in  length,  making  the  upper  cut 
about  one-half  inch  above  a  bud.  The  position  of  the  lower  cut  is 
immaterial.  The  cuttings  should  now  be  tied  in  bundles  of  50  and 
either  stored  for  the  winter  or  immediately  put  out  where  they  are 
to  root.  Where  the  winters  are  not  too  severe,  or  in  the  Eastern  ' 
States  south  of  the  twenty-ninth  parallel,  they  shoidd  be  put  in  the 
ground  during  the  autumn.  North  of  this  it  will  be  found  best  to 
keep  them  under  cover  until  the  groimd  is  in  a  condition  to  be  worked 
in  the  early  spring.  If  they  are  kept  even  for  a  short  time  in  a  dry 
place  they  will  lose  their  sap  and  become  shriveled;  therefore,  they 
should  be  buried  in  moderately  moist  sand  or  sand  and  ashes.  Under 
such  conditions  a  good  callus  will  have  formed  around  the  lower  cut 
surface  before  the  time  arrives  when  they  are  to  be  placed  in  the 
open  ground. 

If  sphagnum  moss  can  be  easily  procured,  it  may  be  used  very  suc- 
cessfully as  a  substitute  for  sand  or  ashes,  but  in  this  case  the  bundles 
of  cuttings  should  \ie  smaller  and  they  should  be  placed  with  the  buds 
pointing  upward,  the  moss  to  be  packed  tightly  around  them,  with  the 
(op  part  uncovered.  This  is  an  excellent  medium  for  inducing  the 
formation  of  a  go<xl  callus. 

Previous  to  putting  the  cuttings  in  the  open  the  soil  should  be 
plowed  deeply,  then  harrowed  and  rolled  until  well  pulverized.  A 
furrow  is  made  with  a  ^pade  to  a  sufficient  depth,  a  little  sand  thrown 
in  the  bottom,  and  in  this  the  lower  ends  of  the  cuttings  are  placed. 
Fill  in  the  soil  to  half  the  depth  of  the  furrow,  firm  well  with  the 
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feet,  and  then  fill  in  the  remainder  of  the  soil,  leaving  only  enougb 
of  the  cutting  exposed  to  view  to  keep  the  top  bud  from  being  cov- 
ered. Where  there  is  danger  of  hard  freezing  weather  after  fall 
planting,  cover  the  surface  with  rough  stable  litter,  this  covering  to 
be  removed  before  the  buds  begin  to  swell  during  the  latter  part  of 
March. 

The  rows  of  cuttings  can  be  arranged  in  beds  of  any  convenient 
width,  leaving  spaces  between  the  beds  which  will  facilitate  covering, 
watering,  hand  weeding,  and  cultivating.  During  the  summer  the 
plants  should  be  gone  over  several  times  and  all  superfluous  shoots 
removed,  leaving  only  one  shoot  to  each  plant.  If  large  enough,  the 
rooted  cuttings  should  be  removed  to  nursen'  rows  the  following  fall. 
In  no  case  should  the  plants  be  removed  from  tlie  cutting  beds  to  per- 
manent locations.  If  the  plants  make  sufficient  growth  the  first  sea- 
son, they  Khould  ba  severely  cut  back;  otherwise,  the  operation  should 
be  deferred  until  the  following  season. 

The  length  of  stem  to  remain  as  the  future  trunk  must  be  regulated 
according  to  whether  a  dwarf  or  tall  specimen  is  wanted.  It  must 
be  taken  into  consideration  that  the  leaves  are  much  more  easily  gath- 
ered from  dwarf  trees  than  from  tall  ones;  in  fact,  they  are  more 
easily  managed  not  only  so  far  as  leaf  gathering  is  concerned,  but 
also  in  pruning  and  in  keeping  noxious  insects  and  fungous  diseases 
under  control.  The  leaves  on  a  tall  tree  are  not  all  developed  alike; 
those  on  the  side  fully  exposed  to  the  sun  will  naturally  be  in  a  per- 
fect condition,  while  on  the  opposite  side  they  are  softer  and  probably 
not  so  well  adapted  to  the  purpose  for  which  they  are  intended. 
Medium-sized  trees  are  therefore  preferable  for  all  purposes. 

INIXXIB  SPRING  CUTTINGS. 

Another  method  of  propagation  from  cuttings,  and  a  very  success- 
ful one,  consists  in  selecting  medium-seized  shoots  about  the  beginning 
of  November.  Tliese,  before  being  made  into  cuttings,  are  sorted  into 
bundles  of  different  lengths,  tied,  and  heeled  in  ashes  or  sand,  or  in  n 
mixture  of  both,  and  protected  by  a  frame  having  a  northern  expo- 
sure. During  the  winter  they  are  taken  out  and  cut  into  lengths  of 
about  5  inches.  These  are  tied  in  bundles  and  buried  in  moist  sand 
or  moss.  In  early  spring  they  are  untied  and  inserted  quite  thickly 
in  the  sand  of  a  propagating  bed  having  a  mild  bottom  heat,  where 
they  will  root  rapidly.  When  such  a  bsd  is  lacking,  wooden  flats 
about  4  inches  deep  may  be  used  for  the  reception  of  the  cuttings, 
but  they  must  have  the  protection  of  a  frame  with  slight  bottom  heat 
and  be  covered  with  sash.  If  a  little  loamy  soil  is  placed  in  the 
bottom  of  the  flats  and  the  remaining  space  filled  with  sand,  the 
cuttings  will  remain  in  good  condition  for  a  considerable  time  after 
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rooting  and  until  a  favorable  opportunity  arrives  for  planting 
them  out  in  nursery  rows.  If  those  rooted  indoors  are  given  plenty 
of  air  after  being  rooted  in  the  bed  they  can  be  transferred  during 
dull  weather. 

PBOPAOATION    BY     BEED8. 

Propagation  by  seeds  is  an  exceedingly  simple  operation,  and  if 
ordinary  care  is  given  successful  results  will  follow.  Seeds  sown 
shortly  after  being  harvested  will  germinate  in  a  few  days.  If  kept 
over  winter  and  sown  in  early  spring  the  seedlings  should  appear  in 
fourteen  days.  ^Vhen  the  seed  is  spring  sown,  the  seedlings  will,  if 
the  weather  be  propitious,  attain  a  height  of  from  12  to  18  inches  in 
one  year,  but  during  dry  seasons  they  will  only  grow  from  6  to  12 
inches.  Seedlings  from  seeds  sown  immediately  after  the  fruit  ripens 
are  always  small  at  the  end  of  the  season,  but  they  produce  strong 
plants  the  season  following. 

The  mulberry,  like  the  strawberry,  blackberry,  and  raspberry,  does 
not  ripen  all  of  its  fruit  at  one  time;  consequently  several  gatherings 
are  necessary  before  a  crop  is  harvested  from  any  one  tree.  The 
earliest  fruits  can  be  harvested  immediately  after  they  are  ripe,  and 
the  seed  sown  if  desired.  It  should  be  remembered  that  seedlings 
thus  raised  have  comparatively  little  time  to  make  their  growth; 
therefore,  every  day  counts. 

In  gathering  the  fruit  it  will  be  found  easiest  to  shake  the  tree 
and  pick  the  fruits  from  the  ground.  To  remove  the  seeds  from  the 
surrounding  pulp,  put  the  fruit  into  a  large  bucket  or  tub  and  squeeze 
with  the  hands  until  it  becomes  a  jelly-like  mas.s.  Add  water  and 
stir  well  until  the  contents  are  thinned  sufficiently  to  allow  the  seeds 
to  ^ink  to  the  bottom.  The  remaining  material  can  be  poured  off. 
The  seeds  should  be  exposed  to  the  air  until  dry.  If  it  is  desired  to 
sprout  them  the  same  summer,  they  should  be  sown  in  beds  in  the 
open,  the  soil  having  been  previously  well  worked  by  deep  plowing 
and  gone  over  several  times  with  a  harrow  and  roller.  When  the  soil 
is  sufficiently  pulverized,  the  ground  should  be  marked  off  into  beds 
5  feet  wide  and  of  any  convenient  lengtli,  leaving  a  space  of  2  feet 
between  the  beds.  To  prevent  washing  of  the  soil  and  also  to  mini- 
mize the  evil  effects  of  drying  winds,  drive  some  stout  stakes  into  the 
ground  along  the  sides  and  ends  of  the  beds,  and  to  these  nail  8-inch 
or  12-inch  boards.  The  surface  of  the  bed  should  I>e  leveled  and  all 
.stones  and  roots  of  plants  removed  with  a  hand  rake. 

Sow  the  seeds  broadcast,  taking  care  not  to  sow  them  too  thick, 
as  there  is  danger  of  the  seedlings  ci"owding  each  other.  Crowding 
produces  weak  plants,  because  even  the  best  soil  is  capable  of  sup- 
porting only  a  certain  number  of  plants  to  the  square  foot.     Pi-ess 
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the  seeds  into  the  soil  with  the  b(ftk  part  of  a  spade  and  coyer  lightly 
with  soil  screened  through  a  quarter-inch  sieve. 

In  order  to  obtain  the  best  results,  the  seed  beds  should  not  be  ex- 
posed to  the  sun  until  a  considerable  time  has  elapsed  after  germina- 
tion. This  condition  may  be  provided  as  follows:  Procure  some 
pieces  of  2  by  3  inch  scantling.  Place  two  of  the  pieces  parallel  to 
each  other  5^  feet  apart.  Nail  laths  from  one  to  the  other,  using 
the  2-inch  surface  in  which  to  drive  the  nails.  Leave  a  1-incti  space 
between  the  laths.  The  slats  are  put  lengthwise  over  the  beds  and  can 
be.  used  with  or  without  the  side  boards.  Over  the  slats  spread  arch- 
angel mats,  or  canvas,  until  germination  takes  place.  These  cover- 
ings should  bo  frequently  dampened.  After  the  seedlings  show  above 
the  ground  the  cloth  coverings  are  to  be  kept  on  during  the  hottest 
part  of  the  day  only,  and  when  the  first  true  leaf  appears  they  may 
be  removed  altogether  and  the  shade  necessary  thereafter  supplied 
by  the  lath  slats.  Water  must  be  supplied  if  the  soil  needs  it.  With 
spring-sown  seed  the  coverings  over  the  lath  slats  may  be  dispensed 
with,  but  the  surface  of  the  bed  should  not  be  allowed  to  become  dry 
until  the  seedlings  are  large  enough  to  take  care  of  themselves. 

To  raise  seedlings  of  the  Osage  orange,  gather  the  fruits  as  they 
fall  from  the  trees  and  leave  them  out  of  doors  until  they  rot.  The 
seeds  are  then  easily  removed.  Keep  them  in  damp  sand  during  the 
winter  and  sow  in  the  spring,  covering  them  1  inch  with  fine  soil; 
transplant  the  seedlings  during  the  following  spring. 

OSAFTING  AND  BCDDINO. 

In  the  silk-raising  countries  of  Europe  it  is  claimed  that  the  leaves 
of  trees  raised  from  cuttings  and  seeds  are  superior  for  silk  produc- 
tion, but  that  the  quantity  of  leaves  produced  by  trees  so  propagated 
is  only  about  one-half  the  bulk  of  those  from  grafted  or  budded  trees. 
Therefore,  to  produce  a  large  quantity,  grafting  and  budding  meth- 
ods of  propagation  are  practiced  to  a  great  extent.  This  is  an  impor- 
tant point  to  consider,  and  the  writer  is  inclined  to  the  belief  that  in 
the  propagation  of  plants  giving  the  highest  grades  of  silk  there  will 
be  little  danger  of  a  scarcity  of  material,  as  in  most  parts  of  the 
United  States  the  mulberry  thrives  as  well  as,  if  not  better  than,  any- 
where in  Europe. 

For  those  who  decide  to  try  propagating  by  grafting  and  budding 
two  of  the  most  successful  methods  of  performing  the  operation  are 
here  described. 

BOOT  OBAFnno. 

Boot  grafting  is  done  in  February  and  March.  The  stocks,  which 
are  one  or  two  year  old  seedlings  of  the  Russian  mulberry  {Moras 
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alba  var,  tatarica),  should  show  a^iameter  of  at  least  three-eighths 
of  an  inch  to  give  a  satisfactory  union.  The  stocks  should  be  lifted 
in  the  fall  and  "  heeled  in  "  out  of  the  reach  of  frost.  The  scions 
should  be  cut  while  in  a  dormant  state  and  buried  in  damp  sand  in  a 
protected  place. 

In  the  latter  part  of  February  the  work  of  root  grafting  may  ho 
started.  The  preparatory  work  consists  in  securing  a  quantity  of 
strong  cotton  and  of  grafting  wax  made  of  beeswax  two  parts,  resin 
two  parts,  and  mutton  tallow  one  part.  Put  these  ingredients  in  a 
small  tin  bucket,  place  on  a  hot  stove,  and  when  melted  drop  in  one 
or  more  balls  of  the  cotton,  allowing  them  to  remain  in  the  melted 
wax  for  five  minutes;  remove  with  a  pointed  stick.  ANHien  cool  they 
are  ready  for  use.  Procure  a  deep  box,  in  which  the  stocks  are 
placed,  keeping  them  covered  with  a  dampened  sack;  another  box 
should  be  provided  for  the  scions,  similarly  protected,  and  a  third 
one  for  the  grafted  roots.  These  precautions  are  necessary,  as  even 
a  little  exposure  to  dry  air  is  always  detrimental. 

In  beginning  work  with  the  stocks,  sever  the  top  from  the  root  at 
the  collar;  this  can  be  done  best  with  a  pair  of  pruning  shears.  The 
smalt  lateral  roots  may  be  removed  or  shortened.  Take  a  scion  at 
least  5  inches  long  and  attach  by  the  tongue  method.  Select  stocks 
and  scions  of  as  nearly  the  same  diameter  as  possible  and  make  a 
slanting  cut  at  the  bottom  of  the  scion  and  a  similar  cut  at  tlie  top  of 
the  stock.  In  the  case  of  the  scion,  make  an  upward  incision  at  a 
point  about  one-third  of  the  length  of  the  cut  surface  from  the  base; 
this  will  form  a  tongue.  Next  make  a  corresponding  incision  down- 
ward near  the  top  of  tlie  slanting  cut  on  the  stock.  The  idea  is  to 
have  the  tongue  of  the  scion  take  the  place  which  the  knife  blade 
occupies  when  making  the  incision  in  the  stock.  ^\Tien  the  two  parts 
are  fitted  so  that  the  bark  of  stock  and  of  scion  comes  neatly  together 
at  one  side,  or  at  both  if  pos,sible,  bind  firmly  with  the  waxed  cotton. 
This  material  should  be  used  in  preference  to  raffia,  because  when 
the  grafted  stock  is  buried  in  the  ground  raffia  will  be  certain  to  rot 
before  the  union  takes  place,  while  cotton  will  remain  in  good  con- 
dition for  a  long  time. 

After  the  fitting  and  tying  have  been  done,  the  grafted  stocks 
should  be  tied  in  bundles  of  25,  the  first  tie  to  be  made  rather  firmly 
near  the  upper  part  of  the  scions;  secure  them  again  near  the  baae 
of  the  scions,  but  not  as  firmly  as  before.  Care  must  be  taken  so  as 
not  to  displace  the  fitted  parts.  The  bundles  should  now  be  buried 
in  sand  in  a  frame  or  other  protected  place  until  planting  time 
arrives.  The  grafted  stocks  should  be  planted  out  just  as  soon  as 
the  condition  of  the  soil  will  permit.  Plant  them  so  deep  that  only 
the  top  bud  is  exposed  to  the  light. 
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The  subsequent  treatment  is  in  all  respects  similar  to  that  given 
for  cuttings.  Mark  the  kinds,  with  the  dates  of  grafting  and  plant- 
ing, on  large  labels  which  will  not  be  easily  displaced. 


Scion  or  sprig  budding  is  perhaps  the  most  successful  and  easiest 
to  accomplish  of  all  methods  where  it  is  desired  to  perpetuate  an 
especially  good  tree.  It  is  practiced  on  stocks  which  have  not  been 
transplanted  for  at  least  one  year  previous  to  the  time  when  it 
is  desired  to  bud.  The  stocks  should  be  much  larger  than  those 
used  for  root  grafting.  The  most  desirable  time  for  the  operation 
is  in  the  spring,  when  the  bark  lifts  easily ;  this  will  necessarily  be 
after  the  stocks  come  into  leaf.  The  scions  must  be  selected  from 
shoots  of  the  previous  season's  growth,  short  and  stocky,  with  two 
buds  present.  They  should  be  cut  from  the  parent  plants  in  the 
fall  and  kept  dormant  until  the  opportune  moment  arrives  when 
the  stock  plants  are  in  a  receptive  condition. 

In  preparing  the  stock  for  the  scion  the  preliminary  work  is  similar 
to  that  in  shield  budding  the  peach,  cherry,  or  rose.  At  a  point  a  lit- 
tle above  the  collar  of  the  stock  a  transverse  cut  is  made  through  the 
bark  for  a  distance  of  half  an  inch  or  more  around  the  stem.  This  is 
followed  by  a  longitudinal  cut,  beginning  in  the  middle  of  the  first 
cut  and  extending  downward  for  about  an  inch.  Lift  up  the  bark 
at  each  side  of  the  long  cut  and  it  is  ready  for  the  scion,  which  is 
prepared  for  insertion  by  making  an  obli<]ue  cut  through  the  base,  so 
as  to  leave  a  cut  surface  about  an  inch  long,  and  then  tie  the  parts 
together  so  that  they  will  be  held  firmly  while  the  union  is  taking 
place.  In  order  to  exclude  air  and  moisture,  grafting  wax  or  clay 
should  be  applied. 

Within  two  weeks  from  the  time  of  budding  the  union  will  be 
effected  if  everything  has  gone  well.  The  ligature  should  not  be 
removed,  however,  until  there  is  danger  of  its  cutting  info  the  bark. 
The  most  essential  part  of  the  subsequent  treatment  consists  in  head- 
ing back  the  stock,  so  that  the  future  head  of  the  tree  will  be  formed 
by  the  growth  of  the  scion,  and  to  do  this  successfully  good  Judgment 
must  be  exercised.  Cut  off  only  a  part  at  first,  leaving  some  foliage 
on  the  stock  until  the  buds  on  the  scion  begin  to  push,  when  that 
part  of  the  stock  above  the  union  should  be  removed  with  a  sharp 
knife.     Cover  with  grafting  wax  the  wound  thus  made. 


The  shield  system  of  budding  may  be  used,  but  only  in  the  spring, 
as  the  mulberry  does  not  take  kindly  to  shield  buds  inserted  during 
the  season  suitable  for  budding  most  of  our  fruit  trees. 
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Shield  budding  consists  in  selecting  a  stock,  either  a  branch  or  stem, 
from  -which  the  bark  slips  readily.  In  raising  the  bark  of  the  stock 
for  the  reception  of  the  bud,  the  work  is  similar  to  that  described  for 
scion  or  sprig  budding.  The  bud  is  usually  selected  from  dormant 
wood  kept  over  winter  in  ashes  or  sand,  but  for  this  there  exists  no 
necessity,  because  there  is  always  present  an  abundance  of  dormant 
buds  on  a  growing  plant,  and  these  answer  the  purpose  much  belter 
than  buds  from  dormant  wood.  To  remove  them,  make  an  incision 
in  the  stem  with  a  sharp  knife  about  five-eighths  of  an  inch  below  the 
bud;  bring  the  blade  up  nnder  the  bud,  severing  a  section  of  bark 
one-quarter  of  an  inch  in  width,  with  the  bud  in  the  center.  Bring 
the  blade  out  a  little  above  the  bud.  If  this  o,peration  is  neatly  per- 
formed, the  bud  will  require  no  further  trimming  before  being  in- 
serted under  the  bark.  The  bark  of  the  stock  is  then  firmly  bound 
over  that  of  the  bud  and  the  parts  kept  in  position  with  raffia  or  soft 
string.  No  waxing  is  necessary.  The  union  should  take  place  within 
fifteen  days,  after  which  the  ligature  should  be  loosened  or  removed, 
as  proves  necessary. 

RAISING  STOCKS   FOB  QBAFTINO  AND   BUDDING. 

In  grafting  and  budding  from  any  particular  variety  which  it  is 
desired  to  perpetuate,  the  Russian  mulberry  (Moms  nlba  var. 
tatarica)  is  the  one  used  as  stocks.  It  is  of  a  robust -growing  nature 
and  has  been  found  well  adapted  to  the  soils  and  climates  of  all  the 
agricultural  belts  of  the  United  States.  It  is  this  variety  that  is  so 
much  used  in  the  West  and  Northwest  for  hedges,  as  it  is  the  hardi- 
est of  all  the  mulberries. 

Stocks  are  best  raised  from  seeds,  and  a  supply  for  this  purpose 
should  be  obtained  from  a  reliable  source  to  avoid  unnecessary  delay 
and  disappointment.  The  sowing  and  the  subsequent  management  of 
the  seedlings  are  the  same  with  stocks  as  with  seedlings  for  general 
planting,  except  that  when  planted  in  nursery  rows  they  should  be 
placed  about  a  foot  apart  so  as  to  give  an  abundance  of  space  for  the 
operator. 

SOIL. 

So  far  as  has  been  ascertained,  the  mulberry  is  not  particular  as 
to  the  character  of  the  soil  in  which  it  is  planted.  It  seemingly  grows 
equally  well  in  a  great  variety  of  well-drained  soils.  Even  in  sandy 
and  gravelly  situations  it  holds  its  own.  In  shallow  soils  over  hard- 
pan  the  mulberry  thrives  after  most  of  our  fruit  and  ornamental 
trees  have  given  up  the  struggle.  Under  the  same  conditions  the  Per- 
sian mulberry  has  been  found  to  fruit  abundantly. 

Notwithstanding  its  behavior  imder  what  woidd  be  supposed 
adverse  conditions,  there  are  few  plants  which  respond  more  vigor- 
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ously  to  applications  of  msnure  than  the  mulberry.  In  Japan  it  has 
recently  been  sho^n  that  by  liming  alone  the  percentage  of  fiber  in 
the  leaves  decreased  very  perceptibly.  Again,  by  liming  and  also 
manuring  with  sodium  nitrate  and  calcium  sulphate  a  still  further 
reduction  in  the  fiber  was  apparent.  The  trees  operated  on  were  IJ 
meters  {5  feet)  high.  Each  tree  was  treated  with  500  grams  (1.1 
pounds)  of  lime,  400  grams  (0.9  pound)  of  sodium  nitrate,  and  200 
grams  (0.44  pound)  of  calcium  sulphate.  How  the  caterpillars 
fared  as  a  result  of  this  change  in  the  composition  of  the  leaves  is  not 
stated. 

FLAHTINO. 

The  all-important  operation  of  planting  may  be  performed  in 
either  the  fall  or  spring.  When  done  in  the  autumn  it  should  be  at- 
tended to  immediately  after  the  leaves  have  fallen.  In  spring  tlie 
trees  may  be  transplanted  at  any  time  after  the  ground  is  in  a  work- 
able condition  and  up  to  the  period  when  the  buds  are  about  to  burst 
into  growth.  Spaces  intended  to  be  planted  should  be  deeply  worked 
beforehand  by  plowing  and  harrowing,  and  after  planting  the  weeds 
should  be  kept  down. 

The  distance  between  the  trees  should  not  be  less  than  10  feet  in 
the  rows,  and  the  rows  should  be  the  same  distance  apart.  If  the 
field  devoted  to  the  trees  is  more  than  2  or  3  acres  in  extent,  wider 
spaces  should  be  left  at  intervals  for  wagons,  etc.  It  is  certain  that 
trees  planted  10  feet  apart  will  eventually  occupy  all  the  space,  but 
when  there  is  danger  of  their  becoming  too  much  crowded,  enough 
of  the  plants  may  be  rooted  out  and  burned  to  allow  the  remainder 
abundant  space  to  develop.  If  this  is  done,  those  which  are  to  re- 
main permanently  should  be  trained  accordingly.  The  above  arrange- 
ment is  the  best  for  trees,  nearly  all  the  branches  of  which  can  be 
reached  from  the  ground,  not  only  for  pruning,  but  also  for  leaf 
gathering. 

In  planting  trees  similar  precautions  should  be  taken  to  those  em- 
ployed in  the  case  of  ordinary  forest  trees;  that  is,  not  to  allow  the 
roots  to  become  in  the  least  dry  from  the  time  they  are  lifted  from  the 
nursery  rows  until  planted  in  the  field.  As  soon  as  fhey  are  lifted 
the  roots  should  be  dipped  in  a  mixture  of  soil  and  water  and  kept 
covered  until  planted,  so  that  they  will  not  become  dry.  If  the 
ground  is  naturally  hard  and  the  soil  is  poor,  dig  large  holes,  even 
for  very  young  trees,  as  they  grow  rapidly  and  ahould  be  encouraged 
to  make  good  stout  growths  from  the  beginning.  Put  some  good  soil 
in  the  hole,  spread  out  the  roots  on  tliis,  and  cover  with  several  inches 
of  fine  soil  before  firming  with  the  feet.  Allow  the  roots  to  be  about 
the  same  depth  in  the  hole  as  they  were  in  the  nursery  rows.     Prune 
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back  the  growth  of  young  frees  one-haif  in  the  fail,  and,  if  necessary, 
cut  back  to  strong  buds  in  the  early  spring. 

PBirmNa. 

The  pruning  of  the  trees  presents  no  special  difficulties  so  long 
as  it  is  done  early  enough  in  the  season  to  avoid  late  growth,  which, 
if  caught  by  cold  weather  before  ripening,  will  die  during  the  winter. 
The  principal  pruning  should  be  done  in  winter  and  should  consist 
of  shortening  back  strong  growths  so  as  to  form  a  low  spreading 
tree.  Keep  the  central  part  of  the  tree  as  free  of  growth  as  possible, 
to  admit  light  and  air. 

After  the  first  cutting  back,  select  three  or  more  of  the  strong 
shoots  to  form  the  principal  branches.  If  they  are  strong  and  show 
a  disposition  to  grow  upright,  they  may  be  kept  apart  by  using  three 
sticks  tied  in  the  shape  of  a  triangle;  place  these  in  the  center  of 
the  tree  and  tie  the  branches  to  them  until  they  grow  in  the  desired 
direction.  By  careful  attention  to  cutting  out  the  undesirable 
growths  the  tree  can  be  made  to  assume  any  desired  shape. 

In  gathering  leaves  always  allow  at  least  one-half  of  the  crop  to 
remain  on  the  tree  to  insure  its  perfect  health.  Single  branches 
should  never  be  entirely  defoliated.  If  some  of  the  trees  show  signs 
of  failing  vigor  as  a  result  of  excessive  leaf  gathering,  it  is  advisable 
to  allow  them  to  grow  for  a  season  without  picking  and  by  the  early 
pruning  out  of  unnecessary  growth  to  permit  those  growths  which  are 
desirable  to  ripen. 

FOOD  FOB  EABLT-HATCHED  WOBMS. 

It  sometimes  happens  that  the  eggs  will  hatch  early  in  the  spring 
before  the  mulberry  leaves  have  unfolded.  In  such  cases  lettuce 
leaves  (of  the  hard-Jeafed  varieties)  may  be  temporarily  used.  The 
oyster  plant  {Tragopogon  porrifoUus)  may  also  be  used  for  a  few 
days.  In  addition  to  these  substitutes,  the  mulberry  leaf  buds  are 
sometimes  scraped  off,  mashed  to  a  fine  pulp,  and  fed  to  the  newly 
hatched  worms.  Where  this  latter  course  is  adopted,  the  terminal 
twigs  of  the  trees  should  be  cut  off  and  the  buds  on  the  pruned  por- 
tions used. 
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DESCBIFTION  OF  PISTES. 

l>u.TR  I.  (Frontispiece.)  Old  trees  of  tbe  wblte  mulberry  (Moru*  alba} 
la  the  grounds  ot  tbe  United  States  Department  of  Agrlcultnra 

PiATE  II.  Brancb  of  the  wblte  mulberry  (Morug  alba),  with  large  uudlvlded 
leaves  of  thick  texture  and  emootb  Burfiioe.  The  learea  of  tbls  variety 
are  preemlaently  adapted  for  silkworm  food. 

Plate  III.  Branch  of  the  wblte  mulberry  (iloruH  alba),  witb  divided  leaves. 
Seedlings  from  tlie  mime  jmrent  will  wiiiietlnies  bave  leaves  of  the  divided 
form,  others  asaumlng  the  undivided  shape  Kbown  In  Plate  II,  while  some 
may  have  both  forniK  on  tlie  psme  tree. 

PiiATE  IV.  Brancb  of  a  seedling  Russian  mulberry  {Uorus  alba),  variety 
tatariCa.  Tbls  mulberry,  owing  to  Its  extreme  hxrdlneaa,  la  used  for  stocks 
00  which  to  graft  or  bud  tbe  most  valuable  vnrletlea  In  order  to  perpetaate 
their  charHL'terlstlcfl.  propagation  from  seed  being  altogether  unreliable  for 
perpctuHtlug  varieties. 

Plats  V.  Summer  cuttlnga  of  tbe  white  mulberry  (ilorug  alba),  with  leaves 
siiortened  to  prevent  exeeiisive  evaporation  while  rooting. 

Plate  VI.  Branch  of  tbe  white  mulberry  (ilorus  albai.  variety  venoaa.  TUB 
Is  an  ornamental  variety  and  iR  of  no  value  ax  food  for  ailkworma. 

Plate  VII.  Tbe  Oxage  orange  and  the  paper  mulberry.  Fig.  1.— Leaves,  fruit, 
and  bai*  of  the  Osage  orange  (Toxi/lon  poniilcrum).  Fig.  2.— The  paper 
mulberry  {Brousnonelia  papiiri(era).  A.  leaf  from  old  tree;  B,  leaf  from 
2-year-old  Milling;  0,  twig  with  female  flowers.  This  variety  Is  without 
valoe  as  food  for  allkworma 
110 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depahtment  of  Agricultube, 

Bureau  of  Plant  iNDDSTHy, 

Office  of  the  Chief, 
Washington,  D.  C,  October  3, 1907. 
She:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
*'  The  Production  of  Easter  Lily  Bulbs  in  the  United  States,"  by 
Mr.  George  W.  Oliver,  Plant  Propagator  of  this  Bureau,  and  recom- 
mend that  it  be  published  as  Bulletin  No.  120  of  the  series  of  the 
Bureau  of  Plant  Industry. 

The  Easter  lily  is  of  great  importance  to  florists,  its  bulbs  being 
largely  imported  from  Bermuda  and  Japan.  The  imported  bulbs, 
however,  are  not  satisfactory,  and  if  the  industry  of  forcing  these 
plants  so  that  they  will  be  in  flower  at  Easter  is  to  be  continued  it 
will  be  necessary  to  produce  the  bulbs  in  this  country.  The  problem 
of  producing  these  bulbs  in  the  United  States  has  been  studied  for 
some  years  by  members  of  the  staflf  of  this  Bureau,  and  the  accom- 
panying paper  summarizes  the  information  on  the  subject  to  date. 
Mr.  Oliver  has  shown  that  healthy  bulbs  can  be  readily  and  profitably 
produced  in  this  country  and  that  disease-resistant  strains  can  easily 
be  maintained. 

Respectfully,  B,  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wii^on, 

Secretary  of  Agriculture. 
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THE  PRODUCTION  OF  EASTER  LILY  BULBS 
IN  THE  UNITED  STATES. 


DISEASE  IN  IHFOSTED   BTIXSS. 

At  the  present  time  Bermuda  is  the  main  source  of  supply  oi 
Easter  lily  bulbs  for  the  United  States.  The  mild  winter  climate 
of  the  island  is  very  favorable  to  the  growth  of  these  lilies  in  the 
open  air,  but  the  area  of  arable  land  is  limited  and  many  of  the 
farms  are  so  smaU  that  alteration  of  crops  is  not  practiced  with  lilies, 
onions,  and  potatoes,  which  are  the  staple  crops. 

As  a  result  of  these  conditions  and  the  fact  that  careful  selection 
is  not  practiced  the  vigor  of  the  lily  bulbs  produced  is  lessened  and 
weak  plants  are  produced  from  them.  As  a  consequence  the  plants 
grown  from  Bermuda  bulbs  in  greenhouses  in  the  United  States  are 
in  a  very  unsatisfactory  condition.  In  many  ca.=es  from  50  to  75 
per  cent  of  the  plants  are  diseased  to  such  an  extent  as  to  be  prac- 
tically unsalable;  in  fact,  they  are  so  seriously  affected  that  many 
florists  would  willingly  give  up  their  cultivation  altogether  were 
it  not  that  their  patrons  demand  the  lily  in  its  season.  The  problem 
how  and  where  to  produce  the  bulbs  within  our  own  borders  there- 
fore confronts  those  who  would  continue  in  this  industry.  That  this 
problem  will  be  solved  soon  there  is  little  doubt.  It  is  not  likely  that 
American  growers  will  be  able  to  harvest  the  bulbs  and  place  them  on 
the  market  as  early  as  the  Bermuda  crop,  but  judging  from  present 
appearances  their  efforts  will  result  in  supplying  bulbs  practically 
free  from  disease. 

It  is  said  that  about  3,000,000  bulbs  are  annually  imported  from 
Bermuda  and  that  about  20,000  salable  bulbs,  ranging  in  size  from 
three  to  five  inches  in  circumference,  can  be  grown  on  an  acre  of 
ground  from  mother  bulbs  planted  the  preceding  year.  The  second 
year's  crop  of  bulbs  of  that  size,  whether  from  seedlings  or  from 
bulbs,  should  therefore  bring  from  $1,000  to  $2,000  an  acre. 


During  the  past  decade  mauy  attempts  have  been  made  by  seed 
firms  and  others,  including  the  Division  of  Botany  of  the  Department 
of  Agriculture,  to  grow  the  Easter  liiy  cotomercially  in  the  Carolinas, 
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8         '  PRODUCTION   OF   EASTER   LILY   BULBS. 

Florida,  and  other  States.  These  efforts  were  useful  in  pointing  out 
places  where  it  was  evidently  impossible  to  produce  bulbs  cultivated 
after  the  manner  now  pursued  in  the  Bermudas  and  Japan. 

Both  large  and  small  imported  bulbs  were  planted  at  various 
places  and  received  the  best  of  care,  but  in  every  case  the  crop  when 
harvested  did  not  warrant  a  continuation  of  the  experiments.  All 
of  these  failures  resulted  partly  from  unsuitable  soils,  but  principally 
from  unfavorable  climatic  conditions.  It  is  reasonable  to  suppose 
that  the  lily  disease  so  prevalent  in  imported  bulbs  played  its  part 
in  making  the  experimental  work  a  failure. 

TBIAUS  OF  HEFOBTED  B1TI.BS  IN  CAUTORHXA. 

The  experimental  work  now  being  conducted  on  the  Pacific  coast 
promises  successful  results,  but  even  in  that  region,  favored  as  it  is 
with  nearly  ideal  conditions  in  the  matter  of  soil  and  climate,  good 
results  can  not  be  expected  by  following  the  old  methods  of  asexual 
propagation  practiced  in  the  Bermudas.  This  has  been  shown  re- 
peatedly in  connection  with  several  large  lots  of  selected  imported 
bulbs  planted  out  in  widely  different  localities  for  seeding  purposes, 
These  plants  show  the  usual  amount  of  disease  on  the  foliage,  while 
the  apparently  healthy  plants  propagated  by  division  and  by  scales 
also  show  the  disease  to  such  an  extent  that  it  seems  a  difficult  matter 
to  get  rid  of  the  trouble  by  purely  vegetative  methods  of  reproduction 
from  selected  bulbs. 

OBIOIN  or  THE  EFFOBT  TO  OBOW  SEEDLXXTQa 

A  few  years  ago  Dr.  Albert  F.  Woods,  of  the  Bureau  of  Plant 
Industry,  in  his  investigations  of  the  lily  disease  discovered  that 
seedling  plants  were  practically  free  from  the  disease.  About  the 
same  time  Mr.  E.  M.  Byrnes,  then  connected  with  the  Office  of 
Public  Buildings  and  Grounds,  but  now  with  the  Bureau  of  Plant 
Industry,  found  that  the  progeny  of  erassed  varieties  were  more 
vigorous  than  either  parent. 

At  the  instigation  of  Dr.  B.  T.  Galloway  the  writer  grew  a  large 
number  of  seedlings  in  the  Department  greenhouses,  and  from  these 
several  pounds  of  seed  resulted.  This  was  distributed  on  the  Pacific 
coast  and  in  Florida.  The  seedlings  grown  in  California  showed 
conchisively  that  with  liberal  treatment  first-class  bulbs  can  be  grown 
by  this  method  much  more  quickly  than  by  asexual  propagation. 
The  plants  are  almost  fi-ee  from  disease.  A  few  plants  show  it  here 
and  there  in  first  generation  seedlings,  but  in  the  second  and  third 
generations  it  is  difficult  to  find  an  affected  plant.  These  results 
have  been  so  encouraging  to  practical  men  on  the  coast  that  several 
are  now  engaged  in  getting  up  a  stock  of  seedlings  u^n  a  large  scale. 
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MOST   SUITABLE   LOCALITIES   FOB   BULB   GBOWING.  9 

THE  HOST  BUITABLB  LOCALITIEB  FOB  LILT  BULB   QBOWIHa. 
Although  enough  has  not  been  done  in  an  experimental  way  to 
ascertain  all  of  the  localities  where  lilies  can  be  grown  successfully, 


BhawlDK  tUp  Tarioui  Blages  of  [level apment  In  tbe  jtermlnntlon  of 
Lflfum  longl/lorum.  1.  S|>'routlnK  o(  Ihe  seeiJ.  1'.  An  older  KtBge,  where  the  coljtedon 
ahowH  the  bending,  while  tlie  upex  r«aialnB  cloeed  In  Ihe  aeeil  ubaurblnfl  ttie  endosperm, 
a.  A  atlll  older  alage.  4.  The  coljledan  bus  now  nnfolded  Itaelf,  ralslnE  the  attached 
•eed  hl^h  above  the  level  of  the  ground.  Q.  The  flrat  leaf  la  dereloped  white  lbs 
cotyledon  la  na  above.  0.  The  aeed  has  dropped  and  three  leaves  are  now  developed; 
also  two  aecoDdarj'  roots.  The  roota  sbow  wrlnklliiKa  abuvv.  Indkatlng  their  con- 
tractile power  la  drawing  the  bulblet  deeper  and  deeper  Into  the  soil. 

it  may  be  stated  that  the  lily  seedlings  have  shown  great  vigor  where 

the  winter  temperature  does  not  fall  below  24°  F.    Below  tliat  point 
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10  PRODUCTION   OP   EASTER  LILT   BULBS. 

the  plants  get  a  check  to  their  growth  and  the  foliage  puts  on  an 
undesirable  yellowish  tinge,  which  remains  during  the  winter. 

In  Florida,  seed  sent  to  persons  who  undertook  experimental  work 
has  not  ^ven  good  results.  The  northern  and  central  parts  of  the 
Stat«  occasionally  get  much  too  cold  to  insure  strong  winter  growth. 
In  the  southern  part  where  seed  has  been  sent  the  reports  of  those 
who  were  experimenting  are  not  very  favorable.  However,  most  of 
those  who  grew  the  seedlings  were  absent  during  the  summer,  in 
which  season  the  growing  plants  need  very  close  attention.  It  is  pos- 
sible, therefore,  that  the  failures  may  be  charged  to  want  of  atten- 
tion at  critical  periods. 

At  Miami,  Fla.,  the  temperature  is  neither  too  hot  in  summer  nor 
too  cold  in  winter  for  growing  bulbs.  During  the  period  from  Sep- 
tember, 1896,  to  December,  1903,  the  temperature  fell  below  the  freez- 
ing point  on  only  two  occasions,  the  lowest  being  29°  F.  Under  such 
circumstances  the  bulbs  will  do  well  provided  they  receive  the  neces- 
sary attention. 

At  Key  West,  Fla.,  the  conditions  .are  ideal,  closely  approaching- 
those  at  Bermuda,  the  extreme  range  of  temperature  in  thirty-three 
years  being  from  41°  to  100"  F.  and  the  extreme  range  of  precipita- 
tion 21.1  to  58.4  inches.  On  the  large  keys  near  the  southeastern 
coast  of  Florida  the  seedlings  do  remarkably  well,  but  the  climatic 
and  other  conditions  during  the  growing  season  are  such  as  to  prac- 
tically proliibit  good  cultivators  from  locating  there. 

In  the  northwestern  part  of  the  State  of  Wasliington  the  seedlings 
do  not  stand  the  winter  without  protection.  However,  bulbs  planted 
deeply  in  the  fall  make  fine  roots  and  develop  well  the  following 
year,  making  excellent  bulbs  late  in  the  season,  but  much  too  late  for 
early  foi-cing. 

In  many  parts  of  California,  especially  in  the  hot  interior  valleys, 
where  good  soil  and  plenty  of  water  are  available  and  the  winter  tem- 
perature is  not  too  low,  the  seedlings  thrive  well.  At  Loomis,  a  few 
miles  northeast  of  Sacramento,  the  soil  and  climate  are  well  adapted 
to  their  needs.  Some  areas  in  that  vicinity  are  nearly  frostless,  and 
the  lilies  come  into  flower  as  early  as  anywhere  in  the  State,  with 
the  possible  exception  of  the  foothills  near  Los  Angeles.  So  far,  none 
of  the  seedlings  have  been  grown  at  Loomis,  but  judging  from  the 
growth  made  by  mature  bulba  sent  for  seeding  purposes  and  compar- 
ing it  with  that  made  in  other  sections  the  advantage  lies  with  the 
Loomis  locality.  Very  little  disease  was  apparent  in  the  foliage,  and 
the  flowers  were  open  several  days  in  advance  of  those  from  bulbs 
planted  at  the  same  period  in  the  valleys  of  the  southern  part  of  tha 
State. 
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At  several  places  south  of  San  Francisco  selected  for  experimental 
work,  it  was  impossible  to  secure  the  carrying  on  of  the  work  necessary 
for  the  raising  of  bulbs  from  seed.  The  seed  would  germinate  well 
(fig.  1),  but  when  it  came  to  planting  out  the  seedlings  in  spring 
the  farmers  and  florists  could  not  be  brought  to  believe  that  it  was 
possible  in  twelve  months'  time  to  raise  a  flowering  plant  from  a  seed- 
ling not  more  than  2  inches  high.  (See  fig.  1,  6.)  One  firm  had 
70,000  seedlings  in  fine  condition  two  years  ago,  but  not  one  was  put 
out  in  the  field.  Fortunately,  however,  a  few  capable  men  were  found 
who  carried  out  the  instructions  of  the  Department,  but  even  then 
another  difficulty  was  encountered,  for  when  the  lilies  came  in  flower 


twelve  months  after  planting  the  seedlings  the  price  offered  by  retail 
florists  for  the  blooms  was  a  temptation  which  few  could  resist.  One 
florist  cleared  $250  in  the  spring  of  1907  for  flowers  from  seedlings  on 
a  space  25  by  45  feet,  and  this  was  only  for  the  flowers  he  did  not  want 
for  seed.  The  removal  of  flowers  and  stems,  of  course,  results  in  bulbs 
of  an  inferior  grade. 

Those  florists  who  have  grown  the  seedlings  for  the  bulbs  alone  are 
more  than  pleased  with  the  results.  This  has  been  done  in  the  vicinity 
of  Santa  Ana,  where  the  soil  and  climatic  conditions  are  evidently 
very  favorable.  Many  of  the  bulbs  harvested  were  of  the  7  to  9  inch 
^rade.  Figure  2  shows  two  2-year-old  bulbs  measuring  nearly  11 
inches  in  circumference,  while  figure  3  illustrates  a  bulb  whidi  in 
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Ihree  years  from  seed  measured  14^  inches  in  circumference  when 
harvested,  grown  at  Santa  Ana,  Cal.,  by  Mr.  Edgar  A.  Metcalf.  The 
bulbs  secured  from  these  sources  force  well,  and  being  almost  free 
from  disease  the  loss  on  this  account  is  small. 

At  Ventura,  Cal.,  the  conditions  are  extremely  favorable  for  the 
production  of  strong,  healthy  growth,  but  the  bulb  mite  put  an  end  to 
the  experiment  in  that  section  the  second  year.    It  should  be  men- 


-Bulb  of  LWaai  loagtllorum  giaaateum  5  X  t.  I.  ftarri»«  J  ,  three  jeare  (ram  seed, 
welKhEnB  434  grams  and  measurlnB  14J  Inches  In  elpeuroferenee  wheo  barveatcd.  grown 
at  Santa  Ana,  Cal.     (Two-tblrds  aalural  Blie. ) 

tioned,  however,  that  the  soil  in  which  the  bulbs  were  planted  had  been 
used  for  ealla  lilies  for  several  years. 

At  Longbeach,  Cal.,  the  growth  made  by  the  seedlings  before  plant- 
ing out  was  very  favorable,  apd  probably  a  little  distance  from  the 
shore  in  good  soils  the  lilies  would  thrive  well.  At  Yuma,  Ariz.,  the 
growth  made  from  mature  bulbs  planted  for  seeding  promises  well, 
and  it  is  probable  that  the  bulbs  can  be  grown  there  to  mature  quite  as 
early  as  those  from  the  Bermudas. 

In  the  extreme  southern  part  of  Texas  the  possibility  of  producing 
good  bulbs  would  seem  very  encouraging,  but  the  facilities  for  testing 
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have  been  anything  but  satisfactory.  The  farmers  are  men  who  grow 
crops  on  a  targe  scale  as  a  rule  and  a  few  hundred  lilies  are  apt  to 
receive  but  scant  attention  at  critical  periods,  especially  when  staple 
crops  are  being  attended  to. 

At  Brownsville,  Tex.,  one  can  see  in  the  old  Spanish  gardens  very 
healthy  longiflorums  in  bloom  during  the  first  half  of  April.  The 
growth  is  very  strong  and  absolutely  free  from  even  a  trace  of  disease. 
On  January  15,  1907,  some  bulbs  of  the  karrisii  variety  planted  near 
Brownsville  had  made  a  strong  growth,  averaging  7  inches  in  height. 
These  bloomed  about  the  end  of  March  and  seeded  fairly  welL 

Unfortunately,  the  temperature  in  the  southeastern  part  of  Texas  is 
not  very  favorable,  judging  from  the  records  supplied  by  the'Weatfier 
Bureau.  Some  years  the  crop  will  turn  out  satisfactorily,  but  there 
always  exists  a  danger  of  low  temperatures,  on  account  of  which  it 
would  be  unsafe  to  attempt  cultivation  on  a  large  scale. 
THE  BEST  VARIETIES    TO  QBOW. 

During  the  past  three  seasons  in  California  the  best  success  has 
been  with  seedlings  which  were  obtained  by  crossing  the  red-st«mmed 
Lilium  longifiorum  giganteum  with  Lilium  longiflontTn.  karrisii. 
(See  PI.  I,  and  PI.  IV,  fig.  1.)  The  progeny  is  remarkably  strong 
and  in  some  localities  totally  free  from  disease.  In  the  open  fields 
they  come  into  flower  about  a  week  later  than  the  true  karrisii. 
These  seedling  lilies  of  the  parentage  mentioned  are  composed  of 
four  distinct  types:  Long-leafed  and  short-leafed  green-stemmed 
plants,  and  long-leafed  and  short-leafed  red-stemmed  plants.  All 
show  a  remarkable  freedom  of  bloom.  Mr.  Fred.  Rafferty,  of  Santa 
Ana,  Cal.,  bloomed  a  large  number  of  them  in  the  spring  of  1907. 
Although  the  seedlifags  were  only  about  3  inches  high  when  planted 
Out  in  June,  1906,  some  of  them  had  28  flowers  to  a  single  stem  in 
June,  1907.  This  lot  of  seedlings  is  shown  in  Plates  I  and  II.  Two 
years  ago  at  Ventura,  Mr.  S.  Cole  had  some  2-year-old  seedlings  of 
the  same  cross,  one  of  which  had  thirty-five  flowers  to  a  stalk.  This 
plant  is  shown  in  Plate  IV,  figure  1. 

On  the  farm  of  the  Santa  Ana  Easter  Lily  Company  during  May, 
1907,  hundreds  of  plants  had  twenty  or  more  flowers  to  a  stem. 

The  only  well-known  variety  which  has  been  tried  by  the  Depart- 
ment in  California  and  Arizona  is  the  hamsii  variety  from  bulbs 
imported  from  Bermuda  in  1906.  These  bulbs  were  planted  in 
order  to  produce  seed  after  being  artificially  pollinated.  All  of  the 
stock  grown  turned  out  to  be  more  or  less  diseased  and  most  of  the 
plants,  although  grown  from  good-sized  bulbs,  produced  very  poor 
flowers  and  a  very  low  yield  of  seeds.  A  small  lot  of  this  variety 
grown  from  seed  h^  turned  out  fairly  well,  but  by  this  method  of 
increase  there  are  several  distinct  types,  showing  that  it  can  not  be 
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depended  upon  lo  produce  plants  true  to  the  original  type.  It  would 
seem,  however,  that  many  reliable  growers  in  the  East  think  there 
does  not  exist  the  same  necessity  for  the  karrisii  variety  as  an  early 
forcer  as  there  was  a  few  years  ago  when  cold-storage  bulbs  were  com- 
paratively unknown  for  early  forcing.  If  this  is  true,  then  there  is 
but  little  need  for  haste  in  getting  the  harrieii  variety  into  the  Ameri- 
can market,  when  in  reality  the  bulbs  should  still  be  ripening  in  the 
fields.  If  the  greenhouse  men  could  use  only  the  cold-storage  supply 
for  the  production  of  flowers  during  the  early  part  of  the  year,  the 
fresh  bulbs  would  then  get  an  opportunity  to  ripen  thoroughly  before 
being  taken  from  the  ground.  It  would  seem  advisable  to  grow  types 
from  seed  alone  and  propagate  these  for  one  or  two  seasons  asexu- 
ally,  but  only  from  bulbs  and  not  by  the  scale  method,  using  seeds 
instead  of  scales  to  increase  the  supply  of  bulbs.  But  when  we  have 
types  which  como  absolutely  true  from  seed  there  will  be  little  like- 
lihood of  a  necessity  arising  for  saving  even  the  smaller  bulbs  for 
replanting. 


The  seedling  method  of  propagation  not  only  has  its  advantages  in 
so  far  as  the  elimination  of  disease  is  concerned,  but  it  is  also  a  much 
quicker  method  than  propagation  from  scales  or  even  from  small 
bulbs.  The  seedlings  one  year  after  planting  very  often  show  as 
many  as  twenty  flowers  to  the  stalk.  During  the  past  season  (1907), 
as  already  stated,  Mr,  Fred.  Rafl'erty,  of  Santa  Ana,  Cal.,  had  seed- 
lings with  twenty-eight  flowers.  Such  plants  can  be  depended  on  to 
give  bulbs  of  salable  size  the  first  year.  Comparatively  few  of  tlic 
9  to  11  inch  size  are  produced.  The  usual  sizes  are  from  5  to  7  inches, 
but  a  considerable  percentage  of  the  7  to  9  inch  size  is  found  in  lots 
which  have  received  good  attention.  The  crop  is  ready  for  harvesting 
by  the  beginning  of  August.  The  smaller  bulbs  when  replanted  soon 
after  being  harvested  grow  much  better  than  imported  material. 
THE  SELBCTION  07  SEBS  BEAKBB8. 

The  seedlings  now  growing  in  California  are  principally  crosses 
between  the  harrisii  variety  and  the  dark-stemmed  variety  of  longi- 
florum  known  as  giganteum;  others  are  straight  havTisii  seedlings. 
The  crosses  are  exceedingly  vigorous  and  the  harrisii  plants  are  also 
more  vigorous  than  the  parents,  but  less  vigorous  than  the  crosses. 
The  plants  selected  for  bearing  seed  were  apparently  free  from  the 
disease,  which  manifests  itself  in  spotted  leaves,  dwarfed  growth, 
and  distorted  flowers. 

In  selecting  ground  for  planting  seed  bearers  it  should  be  so 
arranged  that  lilies  will  not  be  grown  on  it  for  at  least  three  years 
afterwards. 
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THE   8EI.ECTI0N   OF   SEXDI^NO   TYPES  FOB   PROPAGATION. 

The  variations  among  the  second  generation  seedling  plants  are 
easily  recognizable.  A  batch  of  seedlings  has  usually  four  distinct 
kinds:  Dark-stemmed  (1)  long-leafed  and  (2)  short-leafed,  and 
green-stemmed  (3)  long-leafed  and  (4)  short-leafed.  Three  of 
these  kinds  are  marked  by  tying  on  pieces  of  raiSa,  twine,  and  strips 
of  rags,  respectively,  while  the  fourth  series  of  plants  remains  un- 
marked. One  kind  is  lifted  at  a  time  and  kept  separate  for  future 
propagation  by  division  only,  as  it  is  scarcely  worth  while  to  employ 
the  tedious  method  of  scale  propagation. 

THE  PBEPABATION  OF  THE  BOH*. 

The  preparation  of  the  soil  in  the  field  should  be  attended  to  much 
in  advance  of  the  time  the  seedlings  are  ready  to  be  planted  out. 
If  after  a  very  heavy  manuring  a  crop  of  potatoes  or  cabbage  be 
taken  from  the  ground,  it  will  be  in  good  order  for  the  reception  of 
the  seedlings.  In  well-compacted  soils  a  heavy  crop  of  cowpeas  or 
other  legume  deeply  plowed  under  the  previous  summer  should 
bring  about  good  results.  Immediately  before  planting,  the  soil 
should  be  worked  by  disking,  rolling,  and  harrowing  to  make  it 
smooth  and  easy  to  manipulate  when  putting  in  the  seedlings. 

BEDS  VBSSUS  KOWS. 

The  question  of  growing  the  seedlings  in  prepared  beds  or  in  rows 
at  equal  distances  apart  in  the  field  is  important.  The  bed  system 
requires  hand  work,  while  cultivation  in  rows  2  to  3  feet  apart  can  be 
done  with  a  horse  machine.  The  beds  have  the  following  advantages: 
When  the  lilies  are  planted  moderately  close  together,  the  foliage 
partly  shades  the  ground  and  the  lilies  protect  each  other  so  that  they 
are  not  likely  to  be  whipped  about  by  the  wind;  moreover,  by  the 
bed  system  more  bulbs  can  be  grown  to  the  acre  than  in  rows  wide 
apart.  The  foliage  of  bed-grown  plants  is  unquestionably  of  a 
deeper  green  than  that  of  plants  grown  in  rows.  In  irrigating,  the 
sunken  spaces  or  alleys  separating  the  beds  can  be  used  to  convey  the 
water.  In  Bermuda  the  lilies  are  all  grown  in  narrow  beds  and  no 
irrigation  is  practicable,  much  to  the  detriment  of  the  crop  at  times. 
Growing  lilies  in  beds  with  hand  cultivation  is  necessarily  more- 
expensive  than  in  rows  wide  apart  with  horse  cultivation,  but  it  is 
likely  to  be  found  that  the  additional  expense  attending  bed  culture 
will  be  more  than  warranted  by  the  returns,  as  this  crop  must  not  be 
viewed  in  the  same  manner  as  the  ordinary  field  crops  which  yield 
$20,  $40,  or  $100  to  the  acre.  It  is  considered  in  Bermuda  that  an 
acre  of  lilies  is  not  much  of  a  success  unless  it  yields  from  $1,000  to 
$2,000. 
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SESE  OF  SXESLINOS  AT  TIKE  OF  PI.AHTINO. 

The  seedlings  at  planting  time  are  necessarily  very  small,  having 
only  a  few  very  short  and  narrow  leaves — in  fact,  they  seem  anything 
but  promising — and  to  one  who  has  not  had  experience  jn  this  line  of 
work  the  appearance  of  the  seedling  plants  would  very  naturally  tend 
to  discouragement.  The  rows  in  the  bed  should  be  about  8  inches 
apart,  and  the  plants  at  least  5  inches.  If  the  soil  is  loose  and  easily 
worked,  they  can  be  put  in  by  hand ;  otherwise  a  short  trowel  is  the 
handiest  tool.  Care  should  be  taken  not  to  have  the  seedling  bed  too 
wet  at  the  time  of  transplanting,  as  this  has  a  tendency  to  make  the 
plants  flabby.  Water  should  be  given  as  soon  as  they  are  put  in  the 
ground. 

THE  POLLINATION  OF  THE  IXOWEBS. 

To  insure  the  production  of  seed,  the  flowers  must  be  artificially 
pollinated,  as  capsules  are  rarely  formed  without  this  operation. 
(PI.  IV,  fig.  2.)  The  pollen  is  not  scattered  by  wind  to  any  extent 
and'^'insects  evidently  visit  the  flowers  without  accomplishing  a  satis- 
factory transfer  of  pollen  from  the  stamen  to  the  stigmas ;  therefore 
recourse  must  be  had  to  hand  pollination.  This  consists  in  taking 
three  or  four  stamens  between  the  thumb  and  forefinger  and  rubbing 
the 'anthers,  which  are  copiously  supplied  with  pollen,  against  the 
viscid  surface  of  the  stigmas.  It  is  best  to  transfer  the  pollen  from  the 
flowers  of  one  plant  to  those  of  another,  as  the  flowers  then  set  seed 
better  than  when  the  pollen  of  one  flower  is  transferred  to  the  stigma 
of  the  same  flower  or  to  other  flowers  on  the  same  plant. 

The  best  time  to  select  pollen  is  when  the  anthers  have  shrunk  con- 
siderably and  the  pollen  adheres  to  them  in  great  masses.  This  should 
be  applied  to  the  stigmas  shortly  after  the  segments  of  the  flowers 
open ;  the  stigmatic  surface  will  then  be  covered  with  a  viscid  sub- 
stance vhich  enables  the  pollen  to  adhere  very  easily.  After  pollinat- 
ing the  flowers  on  outdoor-grown  plants  it  is  advisable  to  cover;ti^em 
with  paper  bags.  This  is  not  necessary  with  plants  grown  ih.the 
greenhouse. 

When  the  flower  is  ready  for  pollen  it  usually  occupies  a  horizontal 
position,  and  when  tlie  pollen  has  performed  its  mission  the  capsule 
^adually  assumes  an  upright  position  (PI,  IV,  fig,  2),  indicating 
that  fertilization  of  the  ovules  has  taken  place.  Not  more  than  four 
capsules  should  be  allowed  to  mature  on  one  plant,  as  the  production 
of  seed  seems  to  be  a  considerable  drain  on  its  resources. 

The  time  required  to  ripen  seed  outdoors  varies  with  the  climatic 
conditions.    In  a  greenhouse  the  seed  ripens  in  about  two  months  after 
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fertilization  is  effected.  Those  plants  which  set  seed  do  not  go  to  rest 
at  the  same  period  as  those  without  seed  capsules,  but  remain  fresh 
and  green  for  several  weeks  after  the  others  have  matured. 

The  ripening  of  the  seed  is  indicated  by  the  capsules  turning  from 
green  to  a  light  brownish  color  and  splitting  open  at  the  top.  They 
should  then  be  gathered  into  a  bag  or  box  and  spread  out  to  dry. 
When  dry  the  seeds  should  be  removed  from  the  capsules  and  stored 
in  a  cool,  dry  place  until  sown. 

The  plants  selected  for  seed  bearers  should  not  be  subjected  to 
checks  during  the  growing  period.  Water  should  be  given  when 
necessary  and  the  ground  cultivated  as  soon  as  possible  afterwards. 
A  mulch  of  very  old  stable  litter  helps  to  keep  the  soil  cool  and 
moist.  Observance  of  these  details  will  give  the  best  seed-producing 
conditions;  otherwise  the  capsules  will  not  fill  satisfactorily. 

sownra  the  seed. 

The  seed  should  be  sown  as  soon  as  ripe,  which  is  usually  about 
the  latter  part  of  August  or  the  beginning  of  September,  in  a  place 
where  close  attention  can  be  given  to  shading,  ventilating,  and 
watering.  The  method  which  has  given  most  satisfaction  in-  Cali- 
fornia is  to  sow  the  seed  in  well-prepared  ground  covered  with  a 
cloth  house.  (PI.  Ill,  figs.  1  and  2.)  This  is  easily  and  cheaply 
constructed,  as  a  glance  at  the  accompanying  illustrations  will  show. 

The  roof  should  be  high  enough  from  the  ground  to  provide  plenty 
of  space  for  a  person  to  move  around  without  stooping.  The  soil 
should  be  about  6  inches  deep,  on  top  of  about  8  inches  of  stable 
manure.  The  bed  should  be  raised  above  the  surface  of  the  ground 
3  or  4  inches  and  edged  with  narrow  boards  a  few  inches  above  the 
paths;  these  will  keep  the  soil  in  position  and  give  a  neat  appearance. 

The  soil  should  consist  of  sandy  loam  mixed  with  screenings  of 
dried  horse  manure,  not  for  the  purpose  of  enriching  the  soil,  but 
to  make  it  porous  and  easily  worked.  Fresh  manure  is  injurious 
to  the  young  plants.  Make  the  surface  of  the  beds  level  with  a 
garden  rake,  sow  the  seed  thinly,  and  press  down  with  a  piece  of 
board.  The  seeds  should  then  be  covered  with  one-half  inch  of 
soil  and  cocosnut  fiber  in  equal  parts;  ground  redwood  bark  will 
answer  the  purpose  quite  as  well,  the  idea  being  to  keep  the  surface 
porous. 

Water  should  be  given  through  a  fine  sprinkler  whenever  the  soil 
shows  indications  of  becoming  dry.  The  seeds  should  germinate  in 
from  three  to  six  weeks.  In  April,  or  as  soon  as  the  weather  will 
permit,  the  cloth  may  be  removed  gradually  in  order  to  harden  off 
the  young  plants  previous  to  planting  out.     The  seeds  may  also  be 
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sown  in  a  frame  built  and  covered  so  as  to  exclude  sunshine  and 
heavy  rains  while  germination  takes  place;  and  while  the  plants 
are  small  care  should  be  taken  not  to  have  the  seed  beds  too  wet  at 
the  planting-out  period,  as  in  this  condition  the  seedlings  are  more 
easily  wilted  than  otherwise  when  put  in  the  field. 

FBICKINO  OFF  TEE  SEEDLINOS. 

It  is  a  qu^tion  whether  or  not  it  pays  to  prick  off  ihe  seedlings 
previous  to  planting  in  the  open  field.  Judging  from  the  behavior 
of  most  other  crops  so  treated,  one  would  suppose  that  it  would  be 
the  best  practice. 

Those  of  the  seedlings  which  were  pricked  off  the  past  season 
undoubtedly  showed  stronger  growth  than  those  left  in  the  seed  beds 
till  planting-out  time,  but  it  is  claimed  the  operation  does  not  show 
any  beneficial  effects  on  the  plants  a  few  weeks  after  being  in  the 
field.  At  any  rate,  there  is  much  to  be  gained  in  thinning  out  the 
seedlings  and  pricking  them  off  when  they  come  up  too  thickly  in  the 
Beed  bed. 

TXMFEBATTTBS  AKD  FSBCIPITATIOK  IK  THE  BESlKTmAS. 

For  purposes  of  comparison  with  localities  in  the  United  States, 
the  following  table,  showing  the  ranges  of  temperature  and  the  pre- 
cipitation at  Prospect,  Bermuda,  for  each  month  of  the  years  1900 
to  1904,  inclusive,  will  be  of  interest: 

Table    L — Temperature   and   precipitation   at    Propped,    Brrmuda,    from    1900 

to  190i.' 

temperature:. 


PRECIPITATmN. 


•  Dau  Bopplled  bf  the  United  SUtea  Weather  Buceau. 
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TEMPERATUBE  BEC0BD8  OF  THE  LILY-OHOWING  LOCALITIES.       \9 

The  average  normal  temperature  and  precipitation  at  Hamilton, 
Bermuda,  for  each  month  of  the  years  from  1900  to  1904,  inclusive, 
follows : 


temperature:. 


Ye^ 

Jul. 

Feb. 

Uu-. 

Apr. 

U»Jf. 

Jmie. 

Jnly. 

Adg. 

Sept.   Oct. 

Not. 

Doe. 

1M0-19W 

«t.O 

ei.6 

82.! 

it.) 

«.. 

T6.0 

77.4  1  78.0 

8S.V 

HIT 

PRECIPITATION. 

ISOO-MM 

'■"['■" 

9.  IS 

,,„ 

<.« 

5.«5 

,...].,« 

S.ftl  1  6.71 

..» 

4.W 

•  VmttL  Rupplled  b7  Ibe  United  atat«a  Weatber  Bureau. 

TEICPBBATUBE  BEC0BD8  OF  THE  LXLT-OBOWING  LOCALITIES  OF 

THE  UNITED  BTATBS." 

Fort  Brown,  Tex. — In  the  period  from  Novemher,  1846,  to  Decem-* 
ber,  1903,  at  Fort  Brovn  the  annual  mean  was  73°  F.,  the  absolute 
maximum  102°  F.,  and  the  absolute  minimum  12°  F.  During  the 
period  from  January,  1894,  to  December,  1903,  with  the  records  for 
several  months  missing,  the  temperature  fell  below  32°  F.  on  sixty-six 
occasions.  It  would  seem  from  these  records  that  this  vicinity  would 
he  unfavorable  for  growing  the  bulbs  on  a  commercial  basis. 

Los  Angeles,  Cal. — Theannual  mean  at  Los  Angeles  from  July, 
1877,  to  December,  1903,  is  given  as  62°  F.,  the  absolute  maxi- 
mum 109°  F.,  and  the  absolute  minimum  28°  F.  In  the  period  from 
January,  1894,  to  December,  1903,  the  temperature  fell  below  32°  F, 
on  five  occasions,  viz,  January  6,  1894;  January  21, 1897;  January  26 
and  27, 1898 ;  and  December  13, 1901.  This  record  was  taken  on  roofs 
of  the  buildings  of  the  Weather  Bureau  station  60  to  70  feet  above  the 
ground.  Near  the  surface  of  the  ground  the  maximum  temperature  is 
higher  and  the  minimum  considerably  lower.  However,  in  the  foot- 
hills near  Los  Angeles  frost  is  unknown,  giving  ideal  conditions  for 
lily  farming. 

San  Diego,  Cal. — At  San  Diego  the  annual  mean  temperature  in 
the  period  from  1860  to  1903  was  61°  F.,  the  absolute  maximum  101° 
F.,  the  absolute  minimum  32°  F.  During  the  period  from  January  1, 
1894,'to  December  31,  1903,  the  temperature  fell  to  32°  F.  on  one 
occasion— January  7,  1894. 

Santa  Barbara,  Cal. — At  Santa  Barbara  the  annual  mean  tempera- 
ture in  the  period  from  January,  1881,  to  December,  1903,  was  60°  F., 

<■  Data  obtained  from  Bulletin  Q  of  tbe  United  Stntes  Weatber  Bureau. 
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the  absolute  maximum  100°  F.,  and  the  absolute  minimum  28°  F. 
During  the  period  from  January,  1897,  to  December,  1903,  the  tem- 
perature fell  below  32°  F.  on  only  three  occasions — December  20, 1897, 
February  6,  1899,  and  February  3, 1903.  The  foothill  region  close  to 
Santa  Barbara  is  practically  frostless.  Here  we  find  specimens  of 
tropical  plants  such  as  Anthuriums  and  Platyceriums  growing  out  of 
doors  all  the  year  round;  also  large  specimens  of  tropical  trees  such 
as  the  mango,  Casimiroa,  and  avocado.  In  these  places  the  growth  of 
Easter  lilies  is  continuous  through  the  winter,  and  the  plants  flower 
from  one  to  two  weeks  earlier  than  on  the  level  ground  nearer  the  sea. 
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DsscBtpnoN  or  fi^teb. 

Plate  I.  Field  of  hybrid  Easter  Illy  seedllnim  {Lilium  longttlorum  giganteum 
9  X  L.  I.  harriMt  $  )  twelve  monthe  after  plastlog,  coming  Into  fiower. 
Ttiefie  illlea  were  grown  by  Mr.  Fred.  RaSerty,  Santa  Ana,  Cal..  from  seed 
auppli«d  by  tbe  Burean  of  Plant  Industry.  Seed  gown  October,  1906. 
Planted  in  the  fleld  April  30,  1906.     Pbotograplied  May  30,  1907. 

Plate  II.  The  same  fleld  shown  In  Plate  I  In  bloom,  after  tbree-fonrtba  of  the 
flowers  hud  been  (^t.     Photographed  June  20,  1907. 

Plate  III.  Raising  Easter  lilies  at  Santa  Ana,  Cal.  Fig.  1. — Cloth  house  used  at 
Santa  Ana,  Cal..  h;  Mr.  Fred.  UafTerty  In  rnEaiug  seedling  lilies  previous  to 
Iilaotlng  in  tbe  fleld.  Imported  Lilium  longiflorum  harrisH  plants  are  seen 
on  tbe  right.  Fig.  2. — Interior  of  cloth  house  shown  In  Ogure  1,  ODntalnlng 
100.000  seedling  Illiea  ready  for  the  fleld. 

PI.ATE  IV.  Hybrid  Easter  lilies.    Fig.  1.— Two-year-old  hybrid  Easter  Illy  plant 
{Lilium  longifiitrum  giganteum  7  X  L.  I.  harrisii  S)  with  35  flowers,  grown 
at  Ventura.  Cul.,  by  Mr.  S.  Cole.     Fig.  2.— Capsules  and  seeds  of  LiUvm 
longi/liirum  harrinil  X   $   f..  longiflorum  S  - 
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Fig.  1  .—Cloth  House  Used  in  Raising  Seedlincs  Previous  to  Plantinc  in  the  Field. 
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RAISING    EASTER    LILIES    AT    SANTA    ANA,    CAL. 
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THE  SUPPOSED  RELATIONSHIP  OF  WHITE  SNAKE- 
ROOT  TO  MILKSICKNESS,  OR  "TREMBLES."" 

By  Albbrt  C.  Crawpobii,  PluiTmamloffiiil,  I'niiimuiim- Plans  haitaigationt. 


HZSTOBICAI.  INTBOSnCTIOH. 

Many  of  the  early  settlers  of  the  Ohio  Valley,  especially  in  Indi 
ana  and  Illinois,  were  affected  with  a  peculiar  disorder  known  a;^ 
milksickness,  a  disease  which  is  said  to  have  caused  the  death  of 
Abraham  Lincoln's  mother.  Persons  with  this  disorder  usually 
showed  no  mental  disturbances  save  slight  apathy,  although  late  in 
the  course  of  the  disease  there  might  be  coma. 

Milksickness  was  usually  characterized  by  vomiting,  which  might 
be  bloody,  and  obstinate  constipation,  but  in  rare  cases  this  was 
absent*  So  marked  was  this  constipation  that  the  name  paralysis  of 
the  intestines  was  once  suggested  for  the  disorder. '^  The  abdominal 
walls  were  retracted  and  the  pulsations  of  the  abdominal  aorta  could 
thus  be  easily  seen.  Later  in  the  course  of  the  disease  tympanites  has 
occurred.''  The  urinary  secretion  was  diminished  and  the  breath 
took  on  a  peculiar  fetid  odor  which  was  considered  pathognomonic. 

a  One  of  the  most  tierloun  dlseanes  wbleL  formerly  tlireiitened  the  life  of  man 
and  beast  In  tbe  forested  parts  of  the  Ohio  Valley  nnil  adjacent  territory  was 
that  known  as  mllkslokneBB,  or  "  tremblen."  Although  lof  late  years  much  leiis 
trouble  has  been  ezi)erlence<l,  au  cKi'aRloiinl  outbreak  Is  reix>rted. 

In  responding  to  a  request'thnt  the  I'nited  States  Deiiartnient  of  Agriculture 
'Investigate  un  attack  of  milksickness  c)ci'urrlng  near  Peoria,  III.,  a  favorable 
opportunity  was  obtained  to  test  tbe  widespread  and  i>ersistent  popular  belief 
that  the  plant  known  as  white  snakero<>t  (EutuitoriHm  agcratiyidm  L.  f.)  Is 
responsible  for  tbe  trouble. 

After  a  study  extending  through  several  months,  Dr.  Albert  C,  Crawford, 
Pharmacologist,  nctlne  under  the  direction  of  Dr.  R.  H.  True,  Physiologist 
In  Charge  of  the  Poisonous- Plant  Investigations  of  this  Bureau,  has  shown  in 
the  results  summarized  In  this  technical  i>n|H>r  that  tbe  eating  of  the  plant  of 
the  white  snakerdot  by  animals  or'man  1b  not  followed  by  the  disease  and  that 
there  le  probably  no  relation  between  them.— B.  T.  Galloway,  Chief  of  Bureau. 

*  Crookshank,  N.  On  the  "  Sick  Stomach "  of  the  Western  Country,  or 
Gastro-enterllls.    Pblla.  Jour.  Med.  and  Phys.  Sci.,  vol.  12,  p.  2S4,  1826. 

"Dawson,  3.  Causes  and  Treatment  of  Milksickness.  Proc.  Med.  Conven- 
tion. Ohio.  1842.  p.  48. 

'Wood,  G.  B.    Treatise  on  the  Practice  of  Medicine,  vol.  1,  p.  462,  1858. 
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Associated  with  these  symptoms  were  those  of  prostration,  with  rest- 
lessness and  great  thirst.  Pain  was  referred  to  various  localities. 
The  temperature  usually  remained  normal  or  was  subnormal,  rarely 
exceeding  99°  F."  At  times  it  reached  100°  F.  There  are,  however, 
very  few  recorded  cases  in  which  the  temperature  was  actually  meas- 
ured liy  a  thermometer.*  The  pulse  remained  about  normal,  but 
mi^it-at  times  be  accelerated.  Nothing  very  characteri.stic  was  note<l 
concerning  the  tongue  save  that  it  was  enlarged.""  In  certain  cases 
difficulty  in  .swallowing  was  reported ;  in  others  hiccough  was  a-  more 
or  less  pmminent  symptom.''  Xo  reports  were  made  as  to  the  con- 
dition of  the  pupil  or  of  any  iK-idar  disturbances  save  an  intolerance 
of  light.' 

There  was  said  to  be  an  incubation  period  of  from  two  to  ten  days.' 
although  apparently  some  cases  had  no  such  period."  The  disease 
itself  usually  lasted  from  two  to  twenty  days,  but  chronic  cases  are 
reported,*  The  disorder  generally  occurred  in  spring  or  autumn. 
]>articiilarly  in  autumn,  although  it  might  appear  at  any  .season.' 
The  conditions  which  were  especially  favorable  for  its  development 
were  said  to  be  those  which  interfered  with  normal  excretion.'  One 
attack  gave  no  immunity,  but  rather  predisposed  to  a  second  one.* 

The  post-mortem  records  are  few  in  number.  The  only  lesions 
reported  are  those  of  irritation  and  inflammation  of  the  stomach  and 

"Klmmell,  J.  A,  .Milk  SickiieBst  In  Amerlcii,  Verhaudl.  d.  X  Intenint.  uietL 
Cong.,  viil.  a,  Vt.  5,  p.  54,  181H. 

^Ilurd,  A.  Slilk  SlckneBS.  Clinic,  Clnclonati,  vol.  0,  i>.  280,  ISTS.— Way. 
J.  H.  Clinical  IIlBtory,  Nature  anil  lYeatment  of  "  Mllk-Slckuess."  Amer. 
Jour.  Med.  Scl..  u.  s.,  vol.  IOC,  p.  310,  181K).— Yandeli,  L.  P.  Inquiry  Into  th* 
Nature  of  tlie  Disi-ose  C«lled  Milk-Slckuess.  West.  Jour.  Med.  and  Sun;-  3  8.. 
lol.  !),  p.  3113.  isri2.— Drake,  D.  Memoir  on  the  DlBease  Called  by  tile  People 
"  TrenibleB."    West.  Jonr.  Metl.  and  Surg.,  vol.  3.  p.  178,  1841. 

c  Graff,  G.  B.  On  tlie  Milk  Sickness  ot  tbe  West  Amer.  Jour.  Med.  Sci.. 
n.  »..  vol.  1.  p.  304.  ]Sil. 

'  Coleman,  A.  ObBervntlons  on  tbe  DlseOBe  Generally  Known  by  the  Name  of 
the  Sick  Stomach.    Pblla.  Jour.  Med.  aud  I'liys.  Scl.,  vol.  4,  p.  32r>.  1822. 

f  Graff,  G.  B.,  1.  c,  p.  ,"154. 

'  Bencb,  W.  M.  Milk  Sickness.  Trans.  Olili^  State  .Med.  Roc.,  vol.  38,  pp.  131, 
133,  1884.— Klmmel,  J.  A.,  I.  c.  p.  r>0. 

f  Tandell.  I„  P..  1.  c.  ii.  .%04. 

*  Yandell,  L.  r.,  1.  c.  p.  .302.— Klmmell,  .T.  A,.  I.  c,  p.  54. 

*Byford,  W.  H.  Milk  SIckueas.  Nashville  Jiiur,  Med.  and  Surg„  vol.  ft,  p. 
4(i7,  IWir..— Ynndell,  I,.  -P.,  1,  c,  ii.  370.— Beck,  J.  C.  Mllk-SlckuesB.  Nortti- 
Weet  Med.  and  Surg.  Jour.,  vol.  14,  p.  407,  1S57. 

*  Pblll[ig,  W.  H,  Slllk  Sickness.  Cincinnati  Lancet  and  ObBerver,  vol.  38, 
I>.  143.  1877. 

*  Philips,  W.  II..  1.  c,  1).  147.— Yandell.  L.  P.,  1.  c.  l».  392. 
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RELATIONSHIP  OF  WHITE  SNAKEEOOT  AND  MILKSICKNESS.  7 

intestines,"  as  shown  by  hemorrhages  into  the  lumen  of  these  organs 
and  injection  of  their  walls,  with  at  times  adhesion  of  the  intestinal 
walls  to  one  another.^  The  pyloric  region  was  found  contracted,'" 
and  Peyer's  and  Bninner's  glands  were  swollen.  Graff  has  reported 
in  one  case  adhesions  and  thickening  of  the  cerebral  membranes.''  In 
other  cases  in  which  autopsies  were  made  very  slight  lesions  were 
noted." 

The  clinical  symptoms  of  some  cases  of  milksickness  resemble 
closely  those  described  by  Vaughan  and  Novy  under  the  name  galac- 
totoxismns'  and  would  probably  be  so  diagnosed  if  they  occurred 
outside  of  the  areas  where  milksickness  is  prevalent.  Schmidt"  sug- 
gested that  cases  of  milksickness  occurred  in  cities,  but  were  not 
diagnosed  as  such.  Other  cases  resemble  other  forms  of  ptomaine 
poisoning  described  by  Vatighan,*  while  the  symptoms  of  still  others 
resemble  those  (Recurring  in  Van  Ermengem's  cases  of  sausage  jxiis- 
oning.  These  cases  described  by  Van  Ermengem  *  showed  marked 
nausea  and  vomiting  and  severe  constipation,  although  two  cases  had 
diarrhea.  There  was  retention  of  urine,  while  the  t«mperatnre,  pulse, 
and  mental  symptoms  remained  about  normal,  as  in  cases  of  milk- 
sickness. Some  difficulty  in  swallowing  was  noted  and  there  were 
ocular  disturbances — diplopia,  dilatation  of  the  pupil,  ptosis,  etc. 
The  post-mortem  examination,  as  in  milksickness,  showed  no  char- 

"De  Bruler.  J.  1*.    Mllk-SlckneBS.    Ciilcago  Meil.  Jotir..  vol.  15,  p.  200,  IWW. 

"DavlB,  K.  H.     Milk-SlckncBB.     Atlanta  Med.  Rcir..  vol.  1.  p.  304,  lSSl-82. 

'■Byford,  W.  H.,  1.  c„  p.  465.^Drake,  ]).  MorMd  Annfomy  of  Mtlknlcknesa. 
West.  Jour.  Med.  and  Surg.,  vol.  4.  1K41.  ii.  214. 

"  Omff.  G.  B..  1.  c,  p.  3ti6. 

^  Crooksbank,  X.,  I.  c,  p.  25(t. 

'  Vaugbsn,  V.  C,  and  Novy,  K.  G.  ("uUulnr  Toslns,  1902,  p.  210.  Compare 
flraff,  (i.  B.,  1.  c,  i>.  364 ;  alBi>  Wolkt^r,  ,T.  \V.,  MiIk-81rktienB,  SeleiM-i-,  v<il.  S,  p. 
4S3,  1SS6. 

I'Scbmldt,  C.  H.  Milk  Slcknetu.  CliielnnatE  Lancet  and  Olisei-vei-,  viil.  20, 
p.  412.  1877. 

"Vaughan,  V.  C.  homaluen,  Toxlnw  and  I^-nciimnTMs.  Tweiilleth  Ontury 
Practice,  vol.  1.^. 

'  Vqu  Ermeagero,  K  Ueber  elnem  neuen  nnneroh.  Bacillus  u.  seine  Bezle- 
liungeii  z.  BotullHinus.  ZeKu.  t.  Hygiene,  vol.  2I'>,  |i.  1,  1807;  Tlntereucb.  U.  blUle 
y.  Ftelecbverglft  mlt  Symptomen  v.  Botullsmus.  Cent.  f.  Bakter.,  part  1,  vol, 
111,  p.  442,  1896.— Rfimer,  P.  Eln  Beitrag  x.  Actlologle  dea  Botuli8mu&  Cwit. 
/.  Bukter.,  ijart  1,  vol.  27,  p.  S57. 1900. — Kempner,  W.,  and  PoUack,  B.  Wlrkung 
de»  BotulismuatoxlnK  (FleiHchciftea)  und  seines  xiieclflscbea  iVntltoilns  auf  die 
Xcrrenzellen.  Deutsch.  Med,  Wocli.,  vol,  23,  j>.  505,  1897.— Brieger  and  Keup- 
ner,  W,  Beltr.  z.  Lebre  von  der  Flelselivergift.  Deutscb.  Med.  Wocb.,  1897,  p. 
.'i21. — Kempner,  W.  Welterer  Beltra^  7,.  Lehre  von  den  Plelschverglft.  D«8 
Antitoxin  des  Botnlianius.  Zelts.  f.  Hygiene,  vol.  20,  p.  481,  1807.— Osier,  W. 
Modem  Meillcine.  vol.  1,  p.  2;t2,  11107. 
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acteristie  macroscopic  lesion.  From  the  spleen  was  isolated  an  anae- 
robic bacillus  which  could  reproduce  the  symptoms  of  the  disorder 
in  animals.  This  orguiiism  was  found  in  various  places  in  the  meat 
used  in  making  the  sausage.  On  culture  media  it  developed  an  odor 
of  butyric  acid.  The  toxin  obtained  from  these  cultures  would  re- 
sist heating  at  70°  C.  for  a  short  time,  but  heating  to  100"  C.  destroyed 
it  at  once.  Van  Ermengeni  mentions  that  in  cats  injected  with  this 
toxin  there  was  muscular  rigidity  and  that  the  ocular  symptoms  in 
these  animals  were  not  marked.  Dogs,  however,  were  very  resistant 
to  the  action  of  this  to.xin.  This  organism  lias  also  been  found  in  the 
fteces  of  hogs.  A  similar  outbreak  occurred  in  Darmstadt  after  eating 
vegetables  infected  with  the  same  organism," 

No  doubt  the  term  "  milksickness'"  has  been  made  to  embrace  a 
variety  of  clinical  conditions:  in  fact,  there  has  l)een  such  confusion 
in  the  reports  that  .some  authors,  as  Yandell.  have  denied  its  existence 
as  a  peculiar  entity.* 

The  mortality  as  given  by  Coleman''  is  one  death  in  every  twenty 
or  thirty  cases.  ()ther.s,  as  Mendenhall,"*  allude  to  milksickness  as  a 
"  very  grave  disease  ";  others,  again,  speak  of  the  outlook  as  favor- 
iiblo  under  the  proper  treatment. 

In  the  same  portions  of  the  country  in  whicli  milksickness  occurred 
a  similar,  if  not  identical,  disorder  also  affected  dome^ic  animals, 
especially  cattle.  In  them  muscular  tremors  were  present  and  became 
especially  noticeable  when  the  animals  were  driven,  so  that  this  dis- 
order received  the  name  of  "trembles.""  It  was  also  called  the 
"  tires,"  on  account  of  the  disinclination  of  the  animals  to  move.  A 
rigidity  of  the  muscles  has  l)een  noted  by  McCall.'  The  post-mor- 
tem examination  showed  the  gastric  mucosa  to  bo  softened  and  the 
stomach  and  intestines  contracted,*  in  some  cases  gangrenous,*  and  at 
times  there  was  more  or  less  jjeritonitis.     The  odor  developing  at 

0  Flsclicr,  A.  L'eber  elue  MRHK«-nerkrnuI:uug  au  Botullsmus  infolge  GeuiieaeH 
"  verdorljeiier  "  BoUnenkonBervPii.     Zcits.  f.  kllii.  M«1..  vol.  rrfl.  ii.  58,  liWC 

Note. — Thp  hiii-lllut'  Arrtiganrx.caiiKulaUiit  which  wcurs  In  the  haiuuD  Intes- 
tliinl  truet  may  rIvp  vIhg  tii  itifectlous  iissuciatiHl  witli  (iiimtlpfltlon.  See  Ilerter. 
C.  A.,  t'diLiiiioii  Riiftprliil  lnfe<-lioii»  of  the  DEftestivf  Ti-iict,  1007,  |i.  207. 

dVuiiilpll.  L.  P.,  1.  c.  p.  ms.— nibhera,  J.  F.  Obnervnttoiis  on  Mllk-RIckueAB. 
•WeHteni  Ijiiicct,  l>*t5.  vol.  ;j.  ].,  44s. 

'■(•iileiiiaii.  A.,  1.  (!.,  p.  2-J^<. 

•<  Meiiileiihnll.  I,    Mflk-Slckness.    ChlinBo  Mwl.  J..m„  vol.  is,  p.  Vir>.  l«n. 

<■  Yandell.  I>.  I'.,  1.  c,  II.  311S. 

'  Mi'Cnll,  A.  Fiii-tM  JUKI  OliwivntloiiK  im  llic  Milk  Sickiifiw.  Went.  Jour. 
Med.  and  Thys,  St-i..  vdI.  .^  ji.  4*17.  IWSO. 

"(Jmff,  O,  n.,  1.  c,  ]..  mz. 

*  DfCkpy,  W.     Kssfly  on  .Milk  Slckni'PH.     tt'pstern  l-niicel,  vol.  l.H.  r>|i. 
1S.Vi 
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some  of  these  autopsies  was  especially  offensive  and  was  compared 
with  the  odoi*  arising  in  merciirialism."  In  one  case  the  cerebral 
■  ventricles  contained  fibrin  and  the  brain  itself  was  Kiirrounded  by 
sernm  and  pus.^  The  spinal  cord  in  this  case  showed  signs  of  in- 
flammation.    In  other  cases  no  special  lesions  were  noted." 

It  was  proved  that  many  cases  of  milksickness  were  communicated 
to  man  by  means  of  milk  and  its  products'*  or  meat'  obtained  from 
cattle  affected  with  the  "  trembles " ;  even  the  amount  of  cream 
usually  added  to  coffee  is  said  to  have  induced  the  disease/  Other 
cases  apparently  arose  without  the  products  of  diseased  animals 
being  eaten,  as  by  using  contaminatetl  water ; '  and,  again,  cases  have 
occurred  in  vegetarians,*  In  some  cases  the  fencing  off  of  the  sus- 
pected springs  from  the  pasture  was  followed  by  the  disappearance  of 
•'  trembles  "  from  the  neighborhood.  The  "  trembles  "  still  appear 
at  times,  although  much  less  common  than  formerly,'  its  disappear- 
ance being  traced  to  the  cultivation  of  the  soil ;'  and  it  is  associated 
with  certain  shady,  sharply  localized,  wet,  untilled  areas.  No  char- 
acteristic geological  peculiarity  has  been  proved  for  these  areas.^' 
Drake  met  the  disorder  almost  entirely  on  oak  plateaus,  and  especially 
on  the  so-called  "slashes"  or  marshy  areas,'     It  is  claimed  that  the 

"Drake,  D.,  1.  c,  |).  172.— McCall,  A..  1.  ir.,  p.  4«7. 

»  Graff,  G.  B.,  I.  c,  |>.  363. 

"Philips,  W,  H.  MIlkBlckiieMi.  Cli)i.-lnimti  Lant-et  nnil  Observer,  vol.  20,  p. 
132,  1887.— Beacb,  I.  v..  i>.  137. 

'Drake,  D.,  I.  C,  p.  194.~WllklnBOii,  (J.  W.  Etiology  of  MilkBlckDeBB.  .\orth- 
weat.  Med.  and  Surg.  Jour,,  vol.  14,  [i.  15C,  1857.— Towushend,  N.  S,  Mllk- 
aickness.  Joor,  Comp.  Med.  and  Surg.,  vol.  4,  p.  lia  1883.- Schmidt,  C.  H. 
Milk  SIcknem.    Cincinnati  Ijincet  and  Obtterver,  vol.  20,  |>,  -111,  inn. 

'  Yaadell.  L.  P,  Heport  on  Milk  SIckneiJR.  Proc.  State  Med.  Soc.  Kentnckj-, 
p.  M,  18G8,     [Gives  nesatlve  reimrts.] 

'  Graff,  G.  B.,  1,  c„  p,  350, 

'CrookBhank,  N,  Observatlous  on  the  Milk  Slcknesm.  Cincinnati,  1840.  p.  11 : 
Sick  Stomack,  Ohio  Med.  Reii.,  vol.  1,  p.  11,  1820.— Yundell,  L.  P.  Inquiry  ltiti> 
the  Nature  of  the  Dlsenne  Called  Mllk-SIcknem.  Wetit.  Jour.  Med.  and  Surg..  S  s., 
vol.  n.  pp.  381).  380,  ]  852.— Walker.  J.  W.  Mllk-Si<'kness.  Science,  vol.  8.  p.  48.'!. 
1886.— Wllklndon.  G.  W..  1.  c.  p,  ir>K.— Thonipson.  .**.  W.  Mllk-Slchnesa.  West 
Jour.  Med.  and  Surg..  3  »..  vol.  11.  p.  480,  IfW.!.— JoncB,  J.  T.  Sliort  Essay  on 
Milk  RIcknesB.    East  Tenn.  Itec.  Med.  nud  Sur»:.,  vol.  1,  p.  330,  lK.'i2-!k't. 

*  Jones,  J.  T.,  I.  c,  p.  320. 

'Connor,  J.  J.  Further  Contribution  to  the-  Subject  of  Mllk-Slckiiess.  Chi- 
cago Clinic,  vol.  17,  p.  333,  lOW. 

J  Tandell,  L,  P.,  1.  o.,  p.  387.— Walker,  J.  W.,  1.  t-..  .".40;  nlni  Tnuis.  Itidlunu 
State  Med,  Soc..  1873-75.  p.  12K. 

Note. — Some  areas  are  not  entirely  freed  by  cultlvntion. 

*  Tandell.  L.  P.,  1.  c,  p.  370. 

NoTK.-^.  8.  Seaton  In  his  "Treatise  oh  the  Cnusc  of  the  Disease  Called  by 
the  People  the  Milksickness,"  p.  10,  claims  that  he  can  pick  out  nillkslck  nreaH 
b7  the  geol(%1cfll  conditions. 

'  Drake,  D.,  I.  c.  p.  184.- 
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disease  is  contracted  by  leaving  the  cattle  in  these  areas  over  night 
and  that  the  disorder  can  be  avoided  by  withdrawing  them  from 
pasture  before  dark."  Corn  fodder  experimentally  exposed  to  the 
dew  in  these  areas  communicated  the  disorder  to  a  yearling.* 

One  of  the  peculiarities  claimed  for  this  disease  is  that  cows  will 
show  no  symptoms  so  long  as  they  are  milked,  while  their  nursing 
calves  die  with  typical  symptoms,  but  when  the  milking  ceases  the 
cows  develop  the  symptoms  in  the  usual  manner.  In  other  words, 
the  poisonous  agent  is  pnrtifllly  eliminated  bv  the  milk.'  The  urine 
is  also  claimed  to  eliminate  a  portion  of  the  poisonous  body.'  The 
suspected  milk  in  some  cases  was  noted  to  be  of  a  greenish  color,* 
but  usually  there  was  no  characteristic  noted  which  is  peculiar  to  it/ 

The  disease  was  apparently  known  to  the  early  French  mis- 
sionaries in  the  eighteenth  century,  but  accounts  of  it  first  appeared 
in  medical  literature  in  I80!)-10.^  They  were  numerous  from  1840  to 
iStiO,  but  now  notices  seldom  appear. 

The  etiologj'  of  this  disorder  has  remained  in  doubt,  and  Osier,* 
in  an  address  before  the  young  medical  officers  of  the  United  States 
Army,  mentions  its  causation  as  one  of  the  many  intricate  problems 
remaining  to  be  solved.  Rewards  were  at  one  time  offered  by  several 
States  for  the  solution  of  this  question,  but  these  do  not  hold  at 
present.  Opinion  has  been  divided  as  to  whether  "  trembles,"  or 
milksickness,  is  of  parasitic  origin  or  due  to  the  eating  of  certain 
plants,  as  Rhus  toxicodendron  or  B.  venenata,*  Bignonia  capredata, 

"HetLch,  \V.  ^I.  Mllk-SlckDesB.  Traus.  Ohio  Sl&te  Med.  Soc,  vol.  3S.  pp. 
128,  130.  1884.— I.ea,  W.  W.  Cursory  Itemarks  on  a  Dlseaee  Viilgarlj  Galled 
Milk  Sick.  Fhlla.  Jour.  Med.  and  Thys.  Sol-  vol.  2,  p.  51,  1821.— Way.  J.  H.. 
1.  c,  p.  312. 

»  Walker.  J.  W.,  1.  c,  p.  483. 

"  Ktiumell,  J.  A.,  1.  c,  pp.  50,  52.— Drake.  I)..  1.  c.  mi.  IflS,  200.— Graff,  G.  B., 
1.  c,  p.  300. 

••  Graff,  G.  B.,  1.  c,  p.  3C0. 

*McCall,  A.  Fnctfi  and  Obs^rvatlonu  mi  the  Mitk  SfckuesH.  W(«t.  Jour. 
Med.  and  TUys,  Sirl..  vol.  3.  p.  407,  ISitO. 

'  Graff,  G.  B.,  I.  c.  i>.  359. 

'Drake,  D.,  1.  t.,  p,  1«2;  also  WeM,  Jonr.  Med.  and  Thya.  Sel..  vol.  3,  p.  482, 
1830. 

*  Osier.  W.    Aequanlmitas,  1004.  p.  IIG. 

<  I^ndrum,  Z.  C.  Ilbus  Tosiciklendron,  the  Cause  of  Milk  SlckiieRs.  Atlanta 
Med.  and  Surg.  Jour.,  vol.  7,  A,  p.  1, 1861.— Oiiaw,  S.  C.  CnuBe  of  Mllk-Blckness. 
Chicago  M«l.  Jour.,  vol.  IS,  p.  438.  1801.— Mclllienny,  J.  J.  Treatise  on 
the  Dlneaee  Called  tli^  Mllk-SlckneBS,  SprlngBeld,  1843,  p.  6.— Nichols,  J.  B. 
Mllk-Slckness.  CUnip.  Clni-lnnatl.  vol.  10,  p.  2t!,  18T0.— Brewington,  W.  J.  Mllk- 
SlckneiiM.  Clinic.  Cluclnnati,  vol.  10,  p.  76. 1876.— Crook,  J.  W.  Twenty  Propo- 
Kitlona  on  Mllk-RlckneHx.  Nortti-West.  Med.  and  Surg.  Jour.,  vol.  14.  p.  491, 
1857.— Jones,  J.  T.  Short  Essay  on  Milk  Sickness  (Co(ica  IremenHa}.  Baat 
Teun.  Itw.  Wed.  nnil  Surg.,  vol.  1,  p.  324. 1852-53. 
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Eupatorium  ageratoidea,  Lobelia  inflata,  etc.'  Graif  *  eliminated 
iirsenic,  copper,  etc.,  as  causative  factors  and  showed  that  small 
quantities  of  the  butt«r  or  cheese  (1  ounce)  or  of  the  beef  (4  ounces) 
obtained  from  animals  vith  the  ^^  trembles,"  if  fed  to  a  dog  three 
times  a  day,  would  reproduce  the  symptoms  in  forty-eight  hours  and 
cause  death  in  from  three  to  six  days;  but  his  inoculations  failed  to 
produce  the  disorder.  Graff  adds  that  the  poisonous  principle  seems 
to  possess  the  power  of  infinite  reproduction,  stating,  '"  It  will  be 
found  that  each  pound  of  flesh  of  that  animal  so  destroyed  will 
possess  as  active  powers  of  destruction,  and  will,  in  its  turn,  aurve 
to  contaminate  the  whole  body  of  another  animal  in  the  same  degree." 
Vermilya "  claims  that  he  was  able  to  reproduce  the  disorder  by  feed- 
ing Eupatorium  ageratoidee  and  that  his  experiments  wei-e  corrobo- 
rated by  Rowe,  but  A.  W,  Bitting,  of  Lafayette,  Ind.,  reported  to 
this  Department  his  experiments  in  which  he  fed  a  horse  210  pounds 
(105  kilos)  of  this  fresli  green  plant  in  five  days  without  serious 
effect.  He  also  fed  two  lambs  with  80  pounds  (40  kilos)  without 
effect.  Similar  experiments  are  reported  by  Drake.*  The  theory 
of  a  plant  poison  was  emphasized,  as  herbivorous  animals  were  sup- 
posed to  be  t^ie  first  affected  and  from  them  the  <lisease  transmitted 
to  the  camivora,  although  the  cases  do  not  always  originate  in 
herbivora." 

"Jerry,  W.  The  Plant  that  Uauees  Milh  Sickness.  Med.  and  Surg.  Rep., 
vol.  16,  p.  270, 1867.— Drake,  I).,  1.  c,  pp.  213-224.— Jones,  J.  T.,  1.  c,  p.  324. 

*  Graff,  G.  B.,  1.  c.  III).  357,  360,  ;«!2. 

Note. — Oreff  eaya  tlie  meat  !a  active  "  raw  or  boiled,"  but  tliere  is  evidently 
Moute  mistake,  as  he  states  on  pa^e  'iH\  that  "  I  boiled  a  large  quantity  of  the 
beef  ill  pure  water  for  several  hours,  and  afterwards  evstxtrated  the  llcjutd 
tbus  obtained  to  the  (.-onalstence  of  trreaui.  Although  this  extract  contained 
a  large  quantity  of  gelatinous  matter,  with  aome  of  the  otber  constituents  of 
the  Qesh,  yet  on  being  given  In  large  quantities,  no  perceptible  effect  was  pn>- 

Coiupton.  J.  W.    .MlIk-Sli'knesB.     Indiana  Med.  Reporter,  vol.  2,  p.  255,  1S81. 

•>  Obk)  State  Board  of  Agriculture,  13th  Ann.  Kept,  for  \>Si8.  IS59,  p.  673.— 
Barbee,  J.  \V.  Facts  Itelative  to  the  Kudemic  DlHetise  Called  by  the  People  of 
the  West  Milk-Sichoees.  Western  Jour.  Med.  and  Sui^.,  vol.  1,  p.  182,  1840.— 
Drake.  D.,  I.  <•.,  p.  214. 

Note. — The  view  that  arsenic  Is  the  etiological  factor  in  milk-Blckaemi  has 
been  strenuously  upheld  by  Seuton  iu  his  Treatise  on  the  Cause  of  the  Disease 
Called  by  the  People  the  Milk  sickness.    Louisville,  1S41. 

''Drake,  D..  I.  c,  pp.  235-217. 

Note. — The  cases  described  by  Barbee  In  the  Western  Jouruol  of  Me^licliic  mid 
Sui^ry,  Tol.  1,  p.  182,  18W,  la  which  dogs  were  kHI«l  with  dwoctlonw  of  this 
plant,  seem  to  be  merely  cases  of  so-called  Halt  action. 

'Compare  Jones,  J.  T.,  I.  c.  p.  328. 
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Ill  1843  Heei'ingeii,"  and  later,  in  1853,  Heusinger,''  cumpai'ed  thi.'s 
disorder  to  anthrax,  and  in  1858  Wood  on  piirely  literary  evi- 
dence argued  the  presence  of  "  a  germ." '  Byford  "  and  De  BriUer  ■ 
called  attention  to  the  fact  "  that  it  undergoes  multiplication  in  the 
system  "  and  that  it  lost  none  of  its  virulence  by  passing  through  four 
successive  animals.  Gardner '  and  Hessler  »  claim  to  have  found  para- 
sites in  the  blood,  while  Philipa  *  compare.'i  the  organism  seen  by  him 
to  that  met  with  in  rehipsing  fi'ver.  Tlie  examinations  of  the  blood 
made  by  Schmidt  were  negative.'  Molds  and  mushrooms  also  have 
been  claimed  to  be  the  etiological  factors.'  No  one  has  yet  reproduced 
the  disease  by  injection  of  pure  cultures  of  organisms. 

The  question  thus  remained  in  doubt,  with  the  weight  of  evidence 
in  favor  of  a  parasitic  origin,  when  a  paper  by  Moseley  *  appeared. 
As  his  paper  attributes  the  origin  of  this  disorder  to  the  eating  of 
Eupaiorium  ageratoidcs,  or  white  snakeroot,  it  was  deemed  advisable 
to  analyze  his  evidence,  as  follows : 

Experimeut  No.  1. — This  consisted  in  feeding  a  cat  weighing 
4J  pounds  (2,041  grams)  with  a  solution  made  by extractingthe  leaves 
of  three  or  four  ( ? )  plants  in  one  pint  (473  c.  c.)  of  milk.  After 
taking  about  one-half  gill  (59  c.  c.)  of  this  extract  the  animal  showed 
tremors  and  dullness  and  was  found  dead  in  about  twenty-six  hours. 
The  post-mortem  examination  proved  to  be  negative.  It  is  possible 
in  this  case  that  bacteria  may  have  developed  in  the  milk  and  pro- 
duced poisonous  compounds  before  feeding.  This  experiment  was 
performed  by  Moseley's  assistant  and  the  animal  was  not  seen  by  him 
until  after  death. 

Experiment  No.  'Z. — A  tramp  kitten  of  unknown  history  weighing 
30  ounces  (850,5  grams)  was  fed  with  a  decoction  made  from  one-half 

*  UeerluRen,  K.  Discover;  of  the  True  Cause  of  tbe  Dlseane  Called  by  tlie 
People  Trembles,  or  MllkHickiipsa.  Louinvllle,  1843, 

*  HeuBlager,  C  F.    Kecbercbea  de  Path,  Comp.,  vol.  1,  p.  126, 1865. 
«  Wood,  G.  B..  1.  <•..  i».  4115. 

*  Kyford.  W.  H.,  1.  c,  i).  467. 

"  De  Bniler.  J.  P.,  1.  c,  |).  200. 

'  Gardner,  J,  MIlk-SickDexs.  St.  Louis  Med.  and  Surg.  Jour,,  vol.  38,  p.  200, 
18S0. 

pHesxler,  K.  rrelliniimr}-  Xoles  on  nu  Abuost  Kxllmt  Nntlve  Uleeaw,  Treni- 
blee  or  Milk-Slckne^-H.    Proo.  Indlaim  Acnd.  Scl.  for  1905.  p.  122. 

»i'hiiii>K.  \v,  n.,  I.  c,  p.  i.-jn. 

*ScLnildt.  C.  H..  \.  v..  p.  432. 

I  Wilkinson,  (i.  W..  I.  c,  p.  iri!>.— Howard,  B,  J.  MukoHma.  ludUua  Jour. 
Med.,  vol.  2,  p.  370,  ISiTL— Borlniul.  S.  Kawiy  on  tUe  Milk  SickneBs.  p.  27.  Little 
Bock,  l.s4ri,— nnike,  1),.  1.  <•.,  ]i.  21>i.— Johimon,  J,  M.  Mllk-Slckness.  Atlanto 
Med.  niMl  Sure  ■I""r..  vol.  7,  ».  p.  2!«.  mifl.    Couiptire  nEso  MHcbell,  J.  K..  Five 

*  Jloseley,  K.  Ij.  TUe  Ciuibi'  of  Treniblea  in  Cntlle,  Sbeei>,  and  HoraeM  mid  ot 
MiikxIrkneKH  In  People.     Ohio  Xiitunilist,  vol.  li,  pi),  403  and  477,  190a 
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pound  (226'.8  grams)  of  the  fiesh  plant  and  also  some  milk  extract  of 
the  plant,  more  of  the  plant  than  the  first  (a  larger  cat)  received. 
The  cat  was  dull  and  showed  tremors  at  times  after  the  first  feeding, 
but  the  appetite  remained  good,  and  eleven  days  later  trembling  could 
still  be  seen.  Eighteen  days  later  the  animal  was  fed  on  the  carcass 
of  a  rabbit  which  had  died  after  eating  the  same  plant  (see  experi- 
ment No.  6).  This  rabbit  had  died  three  days  before  the  feeding  of 
the  cat  began.  Some  tremors  were  seen  in  the  cat,  but  it  ate  and  con- 
tinued active  for  three  days,  when  it  was  kiTled.  This  experiment  is 
open  to  the  objection  that  nothing  was  known  of  the  cat  previous  to 
the  feeding,  and  cats  often  show  slight  tremulous  movements  of  the 
cutaneous  muscles.  Then  again,  granting  that  the  tremors  were  due 
to  eating  the  meat,  no  record  is  made  of  hating  preserved  the  rabbit 
meat  on  ice,  and  decomposition  may  already  have  begim,  and  the  mere 
presence  of  muscular  tremors  of  unknown  origin  without  the  other 
clinical  symptoms  does  not  indicate  the  disease  known  as  "  trembles." 

Experiment  No.  3. — A  cat  whose  previous  history  was  not  given 
was  fed  on  the  same  carcass  given  to  the  cat  referred  to  in  experiment 
No.  2,  and  on  that  referred  to  in  experiment  No.  7,  after  it  had  stood 
two  days,  and  the  feeding  was  continued  three  days ;  then  it  was  fed 
on  a  similar  rabbit  two  days  after  death.  This  animal  showed  tre- 
mors and  died  in  twenty  days.  The  temperature  of  this  animal  rose 
about  2^°  F.  on  the  third  day  before  death.  The  buttocks  were  re- 
ported soiled,  so  evidently  it  had  no  marked  constipation.  Now,  con- 
stipation is  a  symptom  which  Kimmell,  Drake,  Chesney,  Graff,  and 
others  had  previously  noted  in  animals  affected  with  the  "  trembles," 
and  is  one  of  the  characteristics  of  milksickness."  Post-mortem  ex- 
amination showed  two  ounces  of  arid  fluid  in  the  peritoneal  cavity. 

Experiment  No.  4- — A  cat  which  was  sick  before  beginning  the 
experiment  was  fed  with  a  milk  extract  of  the  plant,  but  only  showed 
light  symptoms  (diarrhea)  and  "  was  seen  to  tremble  only  a  few  times 
and  then  under  conditions  which  might  probably  have  produced  trem- 
bling without  the  aid  of  any  poison,"  This  animal  was  then  fed  on 
meat  from  one  of  the  rabbits  used  in  previous  experiments.  Moseley 
said  that  "  the  meat  seemed  to  afi'ect  him  more  than  the  milk." 

Experiment  No.  5. — A  dog  was  fed  on  an  aqueous  extract  of  the 
plant  mixed  with  milk  and  some  chopped^up  plant  mixed  in  hash  and 
showed  some  trembling  and  weakness,  but  Moseley  adds  "  he  was  not 
so  different  from  usual  except  in  the  early  morning  but  what  all  these 
things  might  have  escaped  notice  if  he  had  not  been  watched."  In 
other  words,  an  animal  which  Graff  had  shown  to  be  very  susceptible 

"CbesDey,  J,  P.  Milk  SlcknenH.  St.  Joseph  Med.  and  Surs-  Hep.,  vol.  1,  p. 
99.  1880.— Kimmell,  J.  A.,  I.  c,  p.  51.— Drake,  D.,  I.  c;  cow,  p.  170;  horse,  [i, 
173;  dog,  [).  174.— Graff,  G.  B.,  I,  c,  p.  ;«jO. 
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to  the  "  trembles,"  when  fed  with  Eypatoriiim  ageratoides,  the  sup- 
posed carrier  of  the  disease,  showed  practically  no  symptoms.  He 
then  adds  the  remarliable  report  of  his  assistant :  "  IVhile  I  held  the 
dog's  mouth  open  a  friend  poured  the  extract  into  the  dogs  mouth. 
The  dog  choked  and  coughed  the  extract  into  my  face  and  moutli. 
I  was  ii\  a  room  while  the  mixture  was  steeping  and  also  on  the  pre- 
vious evening.  At  10-30 1  was  taken  with  a  fit  of  cramps  and  the  fol- 
lowing day  was  nauseous.  Several  times  during  the  three  following 
days  I  had  fits  of  trembling,  always  accompanying  the  extension  of 
limb."  In  this  connection  it  may  be  stated  that  the  present  writerV 
laboratory  a.sslstant  and  himself  squeezed  their  material  by  hand, 
handled  it,  and  made  their  own  extracts  in  a  rather  close  room  with- 
out experiencing  any  such  effects. 

Experiment  No.  6. — In  this  case  2  ounces  (56.7  grams)  of  the 
snakeroot  was  placed  in  ihe  cage  with  a  rabbit.  The  rabbit  died  in 
three  days.  No  tremors  had  been  noted.  This  case  can  Ix'  excluded 
because  of  the  absence  of  any  accurate  clinical  report  or  histological 
examination,  as  rabbits  are  very  apt  to  die  of  intercurrent  diseases, 
especially  coccidiosis. 

Experiment  No.  7. — This  is  of  the  same  type  as  experiment  No.  6, 
KXiA  open  to  the  same  objection.  Maseley  merely  quotes  the  report 
of  his  pupil  as  to  the  presence  of  tremors. 

Experimt'jit  No.  8. — This  experiment  consisted  in  injecting  subcu- 
taneously  into  a  rabbit  weighing  1,383  grams  an  aqueous  extract  of 
3  grams  of  the  plant.  This  injection  was  followed  by  tremors.  Three 
days  later  the  animal  was  fed  with  2  to  3  ounces  (57.7  to  85  grams)  of 
the  leaves  and  branches,  and  died  in  one  hundred  and  twenty  hours. 
There  was  no  constipation.  Moseley  says,  "  The  effects  on  her  actions 
iind  appearance  were  not  striking  and  might  have  escaped  notice  if  I 
had  not  looked  for  them." 

Experiment  No.  9. — A  rabbit  was  fed  for  three  days  with  an  aque- 
ousextract  of  the  plant.  The  only  result  noted  was  a  "  tremulous  mo- 
tion of  the  sides,  with  more  rapid  respiration,"  This  animal  was  then 
fed  with  a  milk  extract  of  the  plant.  No  constipation  resulted,  but  the 
same  trembling  was  seen,  and  save  for  a  slight  lessening  of  strength 
"  she  has  seemed  well." 

Ex/ierimcnt  No,  10. — This  experiment  consisted  in  feeding  a  milk 
extract  of  the  plant,  but  witli  only  slight  action.  .-X.  rabbit  was 
reported  to  tremble  after  eating  C7  grams  of  the  leaves  and  branches 
of  a  fresh  plant,  but  survived. 

Experiment  No.  IJ.—X  young  lamb  weighing  40  pounds  (18.14 
kilos)  was  fed  with  the  leaves  of  this  plant.  The  animal  showed 
trembling  and  died  in  four  days,  having  eaten  about  29  ounces  (8±i 
grams).    There  was  no  constipation.    The  kidneys  were  found  to  be 
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much  enlarged,  weighing  nbotit  twice  as  much  a.s  normal.  One  can 
form  no  positive  opinion  as  to  the  cause  of  death.  The  enlarged  kid- 
neys, taken  in  connection  with  the  history  of  convulsions  and  fluid 
in  the  peritoneal  cavity,  might  suggest  a  nephritis. 

Six  ounces  (170  grams)  of  the  liver  of  this  animal  were  fed  to 
a  cat.  This  cat  showed  merely  a  few  tremors.  A  second  cat  also  ate 
fi  ounces  (170  grams)  of  the  muscles  but  showed  no  tremors,  and 
a  dog  after  eating  4  ounces  (103.4grams)  of  the  liver  showed  no  symp- 
toms save  some  dullness,  but  after  feeding  on  the  heart  and  spleen 
some  tremors  were  noticed.    None  of  these  animals  die<!. 

These  exiwriments,  taken  in  the  light  of  Graff's  work,  indicate  that 
the  sheep  had  not  the  disease  commonly  known  as  "  trembles.' 

Moseley  explains  the  lack  of  results  in  some  of  his  experiments  by 
the  existence  of  a  hypothetical  imnninity,  but  eases  of  milksickness 
are  known  not  to  possess  immunity — in  fact,  one  attack  rather  pre- 
disposes to  another,  so  that  it  can  not  be  said  that  Medley  has  even 
proved  Eupatorium  ageratoides  to  be  a  poisonous  plant,  much  less  the 
cause  of  "trembles," 

BXCENT  IKTESnOATIONS. 

In  the  month  of  August,  1906,  a  rather  serious  outbreak  of  milk- 
sickness,  or  as  it  is  frequently  called  in  the  case  of  stock  "  trembles," 
occurred  in  the  vicinity  of  Minooka,  111.,  resulting  in  the  death  of 
about  50  head  of  cattle.  The  oflice  of  Poisonous-Plant  Investiga- 
tions was  asked  to  undertake  an  investigation  into  the  cause  of  the 
trouble.  In  view  of  the  fact  that  only  plants  as  popularly  understood 
are  the  subject  of  investigation  by  this  office,  only  plants  were  studied. 
The  widespread  and  popular  belief  that  the  eating  of  the  white  snake- 
iwd  {Eitpatoriiim  agemtoides)  ^  illustrated  in  Plate  I,  is  the  cause  of 
the  trouble  seemed  to  direct  the  |>nncipal  efforts  of  the  investigations 
toward  that  common  plant.  It  was  found  in  considerable  quantitie-s 
in  pastures  in  which  the  animals  were  supposed  to  have  contracted  the 
disease,  and  in  a  number  of  patches  the  plants  had  been  browsed, 
presnmably  by  the  stock.  Material  from  these  patches,  both  dried 
iind  in  chloroform  water,  was  preserved  for  study. 

EFKRCr  (W   WHITK  SNAKERtXyr  ON   RABIUTS. 


To  prepare  the  material  for  use,  200  grams  of  the  dry  herb  were 
extracted  with  cold  water  and  the  extract  evaporated  to  the  desired 
concentration  in  vacuo  at  about  5.5°  C.  When  such  an  extract  was  fi'd 
to  a  rabbit  weighing  4  pounds  2  ounces  (1.871  grams)  no  symptoms 
were  noted,  either  immediately  or  on  the  following  day.  Two  days 
sifter  the  first  dose  a  like  quantity  was  again  administered  and  no 
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aymptoms  appeared,  the  rabbit  iveighiiig  4  pounds  5  ounces  (l,95fi 
grams).  After  receiving  three  further  doses,  representing  200  grams 
each,  in  a  period  of  five  days  the  animal  showed  no  symptoms  of 
"  trembles  "  -or  of  suffering  of  any  sort,  the  weight  increasing  under 
this  treatment  to  4  pounds  8  ounces  (2,041  grams).  The  animal  which 
had  received  this  treatment  gave  normal  delivery  to  young  and  made 
a  rapid  recovery,  the  young  appearing  abnormal  in  no  respect.  Thus, 
although  the  rabbit  received  the  equivalent  of  1,000  grams  of  the 
plant  in  a  week,  no  symptoms  of  milksickness  appeared  and  the 
animal  steadily  gained  in  weight. 

After  a  rabbit  weighing  4  pounds  (1,814.3  grams)  was  injected 
subcutaneously  in  the  back  with  an  extract  of  20  grams  of  the  dried 
plant  muscular  tremors  were  felt  in  the  limbs  and  in  the  masseter 
muscles,  but  recovery  followed. 

When  a  quantity  of  the  same  extract  representing  40  grams  was 
injected  into  a  rabbit  weighing  4  pounds  1  ounce  (1,842,7  grams) 
no  results  followed,  but  an  extract  of  60  grams  of  the  dried  plant 
proved  fatal  in  about  twelve  hours,  the  animal  showing  distinct 
tremors. 

Following  the  injection  of  an  aqueous  extract  representing  5  grams 
of  the  dried  plant  into  a  rabbit  weighing  3  pounds  8  ounces  (1,587..'} 
grams)  there  were  no  tremors  and  the  rabbit  was  apparently  normal, 
though  the  temperature  rase  2.2  degrees  F.  in  two  hours  and  twenty- 
five  minutes  after  the  injection. 

A  rabbit  weighing  3  [wunds  12  ounces  (1,700,8  grams)  was  in- 
jected subcutaneously  with  a  concentrated  extract  representing  10 
grams  of  dried  Eupatorium  and  no  tremors  resulted,  but  in  the  two 
and  one-half  hours  following  the  injection  a  fall  of  one-half  a  degree 
in  the  temperature  was  noted.     Death  followed  during  the  night. 

On  increasing  the  quantity  of  extract  until  it  represented  20  grams 
of  the  dne<I  plant  and  injecting  this  subcutaneously,  slight  tremors 
were  felt  on  careful  examination  hy  the  hand  over  the  hips  after 
almost  ,an  hour  and  a  half.  An  hour  and  forty  minutes  later  no 
tremors  were  felt  and  the  rabbit  seeme<l  normal.  The  temperature 
two  and  one-fourth  hours  after  injection  fell  2  degrees  F.  Death 
ensued  during  the  night. 

These  animals  had  been  kept  under  ol)servation  for  two  weeks  pre- 
ceding the  experiment  and  had  shown  nothing  abnormal. 

EKTBACTS  FBOM   FBEBII  PLANTS  PRE&KBVED  IN  CIILOBOFORM. 

To  prepare  extracts  from  material  preserved  in  chloroform  the  fresh 
plant  was  placed  in  a  container  and  covered  with  wafer  containing 
enough  chloroform  to  prevent  fermentation.  When  want«d  for  use 
the  liquid  was  pressed  out  of  the  plant  and  concentrated  in  vacuo  to  the 
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proper  degree.  An  extract  representing  lOiJ  grams  of  the  dried  plant 
weighed  after  extraction  (perhaps  about  +00  grams  of  the  fresh 
plant)  was  given  by  mouth  to  a  rabbit  weighing  3  pounds  5. ounces 
(1,502.5  grams),  but  no  symptoms  were  observed. 

After  a  similar  extract  representing  127  grams  of  dry  residue  had 
been  injected  subcutaneonsly  into  the  back  of  the  same  rabbit  dis- 
tinct tremors  were  shown  in  the  hips  and  masseter  muscles.  Death 
followed  during  tlie  night.    No  enlargement  of  the  kidneys  was  seen. 


The  method  of  preparation  of  extracts  from  ash  was  as  follows: 
Ten  grams  of  the  dry  herb  were  ashed  in  a  platinum  bowl  and  the  ash 
washed  into  a  porcelain  bowl  and  carefidly  treated  with  acetic  acid 
to  decompose  the  carbonates,  then  evaporated  to  dryness  and  treated 
with  water.  The  free  acid  was  removed  by  repeated  evaporation.  The 
residue  was  treated  with  water,  but  hot  all  dissolved,  perhaps  owing  to 
the  formation  of  basic  salts.  An  emulsion  consisting  of  the  solution 
with  the  undis-solved  portion  when  injected  subcutaneonsly  produced 
marked  tremors  in  the  hips  in  rabbits  after  an  hour  and  a  quarter, 
and  later  in  the  masseter  muscles,  A  marked  acceleration  of  the 
respiration  was  also  observed.  After  one  and  three-fourths  hours  the 
masseter  muscles  still  twitched,  but  after  two  and  one-fourth  hours 
slight,  if  any,  tremors  were  seen.  No  tremors  were  noted  on  the  fol- 
lowing day. 

In  ashing  plants  a  large  portion  of  the  calcium -barium  group  will 
unite  with  the  oxidized  sulphur,  forming  insoluble  sulphates,  and 
thus  be  rendered  inactive  physiologically.  Thus,  trembling  resulted 
from  the  injection  of  less  of  the  inorganic  salts  than  corresponds  to 
10  grams  of  the  dry  plant.  This  muscular  twitching  is  well  known 
to  result  from  the  hypodermic  injection  of  certain  salts  (sodium, 
etc.),  but  not  after  administration  by  mouth. 

An  injection  of  a  similar  extract  from  ^0  grams  of  the  plant  also 
produced  the  same  result. 

EFFKCT   Of    WHITE   SMAKEROOT   ON    CATa 

After  an  extract  prepared  from  chloroform- pre.served  material 
con-esponding  to  50  grams  of  the  dry  plant  residue  was  fed  to  a  cat 
weighing  1  pound  8  ounces  (080.3  grams),  emesis  followed  in  about 
fifteen  minutes.  When  an  aqueous  e.xtract  corresponding  to  a  dry 
plant  residue  of  39  grams  was  evaporated  to  32  c.  c.  and  7  c.  c.  of  this 
extract  were  fed  twenty  minutes  after  the  emesis  referred  to  and  11 
c.  c.  were  given  thirty-five  minutes  later,  urination  and  defecation  fol- 
lowed promptly  with  renewed  emesis  in  about  ten  minutes.    Thirty 
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luinutes  after  the  administration  of  the  Ust  doee  of  extract  14  c.  c. 
more  were  fed.  emesis  again  resulting  in  itbout  eight  rainutAS,  followed 
about  tifteen  minutes  later  by  further  efforts  toward  elimiuation  by 
the  intestines.  Since  in  both  dogs  and  cats  eine^is  is  especially  easy, 
no  especial  significance  is  to  be  attached  to  that  phase  of  the  results. 
No  tremors  resulted  and  the  appetite  remained  as  usual. 

In  order  to  reduce  the  liability  to  emetiis  which  may  follow  tite 
adniinistration  of  large  dor«s,  smaller  quantities  of  the  extract  were 
given.  If  7  c.  c.  of  an  extract  concentrated  to  32  c  c,  representing  a 
dried  plant  residne  of  39  grams,  were  fed,  no  emesis  followed  for  three 
hours.  On  taking  a  further  dose  of  8  c  c.  the  animal  vomited  within 
ten  muiutes.  However,  five  minutes  after  this,  slight  movements  of 
the  .skin  could  be  seen,  but  these  were  apparently  only  such  cutaneous 
movements  as  are  couunonly  observed  in  cafcs.  After  6  c.  c.  more  were 
fed  emesis  soon  followed.  The  same  result  followed  the  feeding  of  11 
('.  c.  after  a  period  of  about  fifty  minutes. 

During  the  course  of  feeding  with  Bupatorium  extracts  as  above 
indicated,  the  cat  gained  an  ounce  in  weight  in  a  week,  showing  nor- 
mal appetite  and  evacuations.  After  four  days  more  the  wei^t 
increased  about  5^  ounces  (155.8  gi-ams). 

After  a  further  interval  of  two  weeks  without  treatment,  when  a 
concentrated  extract  representing  35  grams  of  plant  was  fed,' no 
tremors  or  other  abnormal  symptoms  were  to  be  noted,  although  the 
Hiiimal  was  kept  under  careful  observation.  When,  on  the  day  fol- 
lowing, an  extract  representing  05  grams  was  given  no  symptuns 
whatever  followed  other  than  evidence  of  a  somewhat  laxative  action, 
and  the  cat  continued  to  increase  in  weight.  This  animal  gained  219 
grams  during  the  month  it  was  kept  under  observation. 

KrKECT    <1F    W.line    SNAKEmMn'    on    INMiS. 

An  e.xtract  of  Eupaturium  representing  23  grams  of  the  dried 
plant  preserved  in  chloroform  when  fed  to  a  dog  kept  under  careful 
observation  produced  no  symptoms,  and  the  appetite  remained  nor- 
mal ;  temperatuie  before  feeding.  100.6°  F.  .  ^Vhen,  twelve  days  later, 
»  concentrated  aqueous  extract  representing  200  grams  of  dried  plant 
was  given  to  the  same  dog.  weighing  14  pounds  12  ounces  (6,090.4 
grams),  having  a  temperature  before  feeding  of  101°  F.,  no  symp- 
toms resulted,  the  temperature  after  one  and  one-half  hours  register- 
ing 102°  F.  No  symptoms  appeared  during  observation  for  three 
moi-e  days,  the  weight  increasing  to  15  pounds  5J  ounces  {6,959.8 
grams).  Eleven  days  later  the  weight  increased  to  16  pounds  15 
ounces  (7.«fi2.7  gnims).  The  animal  was  very  playful  throughout 
the  investigation. 
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BFEPXT    or    WHITE    HKAKEROOT   ON    BHEEP. 

A  lamb  weiring  about  iiS  kilos  when  fed  5H  graiuis  of  tin-  fresh 
plant  phowed  merely  some  diarrheal  symptoms. 

EFFECT  OF   WHITE   8NAKEHOOT  ON    UAN. 

The  writer  became  so  convinced  of  the  harmlessness  of  the  plant 
that  he  decided  to  take  the  plant  extract  himself.  Four  hundred 
gi-ams  of  tlie  fresh  EupatoriuTn  ageratoidex  were  collected  at  I^nd- 
over,  Md.,  under  the  supervision  of  Prof.  C.  F.  'Wheeler,  one  of  the 
botanists  of  the  Department  of  Agriculture,  and  extracted  carefully 
with  water,  chloroform  being  used  as  a  preservative.  This  extract 
was  evaporated  in  vacuo  and  made  up  to  154  c.  c.  At  11.10  a.  m., 
September  30, 1907,  li  c.  c.  of  this  extract  were  taken.  Seventy-four 
c.  c.  in  all  were  taken  by  1.45  p.  m.,  without  any  special  symptoms. 
The  taste  of  the  extract  was  exceedingly  disagreeable.  By  4,15  p.  m. 
all  but  40  c.  c.  had  been  taken ;  that  is,  an  extract  of  over  300  grams. 
No  untoward  symptoms  characteristic  of  milksickness  were  noted  the 
following  day ;  in  fact,  the  writer  never  felt  better. 

To  simulate  the  conditions  which  occur  in  herbivora,  100  grams  of 
the  dried  plant  from  Illinois  were  digested  with  pepsin  and  pan- 
creatin  and  the  concentrated  products  taken  by  the  writer  in  the 
period  of  one  hour  without  the  production  of  any  serious  symptoms. 


To  sum  up,  it  certainly  can  not  be  said  that  it  has  been  proved  that 
milksickness  is  dne  to  any  constituent  of  Eupatorium  ageratoidea. 
The  transmission  of  the  disease  by  eating  small  quantities  of  meat  or 
milk  of  animals  sick  with  the  "  trembles  "  and  the  fact  that  cooked 
meat  or  boiled  milk "  does  not  produce  this  disorder  point  primarily 
rather  to  a  parasitic  origin,  while  the  fact  that  Eupatorium  agera- 
totdes "  is  abundant  in  areas  where  the  disease  is  not  known  and  ab- 
sent in  some  milksick  areas '  also  indicates  that  the  plant  has  no  re- 
lation to  the  disease.  If  it  does,  it  would  be  only  an  accidental  carrier 
of  some  pathogenic  organism.""  According  to  reports,  the  same  flora 
may  be  in  the  areas  in  which  "  trembles ''  occur  as  in  those  free  from 
it,  and  milksickness  is  also  said  to  occur  where  no  vegetation  grows 
(inclosed  pens).*     The  disease  also  has  disappeared  from  an  urea 

■  Smltb,  C.  H.    Milk  Sickness.    Boston  Mea  and  Surg.  Jour,,  vol.  77,  p.  471, 
1867-68,— Wood,  G.  B.    Practice  of  Medicine,  vol.  1,  p.  466,  1S58, 
Note. — Some  toxins  from  infected  meat  are  not  Injured  bj  boiling. 
•  Wilkinson,  G.  W.,  1.  c,  p.  163.— Graff,  O.  B..  1.  c.  p.  361. 
"  Brewlngton,  W.  J.    Milksickness.    The  Clinic,  Cincinnati,  vol.  10,  p.  77, 1876. 
^Walker,  J.  W.,  1.  c,  p.  483. 
'  Wilkinson,  G.  W.,  I.  c,  p.  153. 
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after  simply  clearing  the  woodland  where  it  occurred  and  turning  it 
into  pasture."  Agaiit,  severe  epidemics  have  occurred  in  winter  when 
the  foliage  has  disappeared,  which  would  tend  to  exclude  the  higher, 
non-evergreen  plants  as  the  cause  of  this  disorder.  In  fact,  all  the 
evidence  in  hand  is  against  the  causation  of  this  disease  by  such  plants, 
and  certain  analogies  with  cases  of  botulismus  suggest  a  somewhat 
similar  cause.  If  there  is  any  truth  in  the  statement  that  cattle  ex- 
posed in  pasture  to  night  air  especially  contract  the  disease,  this  fact 
ini^t  suggest  the  more  or  less  direct  connection  of  some  nl^t  oi^ui- 
ism  as  a  carrier  of  the  parasite,  and  certain  parasites  are  supposed  to 
be  associated  with  certain  localities. 

Very  little  is  known  chemically  of  Eupatorium  afferatoides. 

"  HeerlDgen,  E.,  t.  c,  p.  O. 

Notes. — A  full  bibliography  can  be  foaad  la  Scbuchardt.  B.,  Dte  Mitcb- 
krankb.  d.  Nord  Amerlhaoer,  Janun,  vol.  2,  pp.  437,  &25,  1S»7-^S. 

The  most  Inlerestlng  experimental  paper  Is  that  of  Oraff.  while  that  of 
Drake  Is  valuable  for  Ita  fund  of  |)eraonal  eiperlencefi  as  told  by  the  settlerK, 
and  that  of  Scbuchardt  Ib  the  bf-st  literary  haudllng  of  the  questloD. 

Eupalorium  perfoHatum ,  a  closely  allied  plant,  baa  received  some  chemical 
atteotion,  and  a  non nitrogenous  body,  eupatorin,  has  been  obtained.  While  the 
author  Rtates  it  will  kill  mice  on  subcutaneous  Injection,  he  falls  to  give  the 
doae,  and  nothing  can  be  drawn  from  tbls  report  an  to  Ita  pbyBlologlcal  activity. 

Shamel,  C.  H.  Elupatorlu  :  The  Active  Principle  of  Eupatorlum  PerfoHatum. 
Am.  Chem.  Jour.,  vol.  14,  p.  224,  1802. 

Latin,  G.  Eupstorlum  Perfoliatum.  I'harm.  Jour,  and  Trans..  3  s.,  Vol.  11, 
p.  in2.  1881. 
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MOUNTAIN  LAUREL,  A  POISONOUS  PLANT." 

By  Albert  C.  Ckawfosd,  Pharmaeolofftat,  Polgonous-Ptant  InveatigaHoni. 


HISTOBICAL  INTBODUCTIOll'. 

Many  members  of  the  Ericaceip,  or  heath  family,  contain  principles 
which  are  injurious  to  man  and  to  animals.  Of  these  the  members 
of  the  genus  Kaimia  especially  interest  us  on  account  of  their  wide 
distribution  in  the  United  States  and  from  the  fact  that  many  cases 
of  poisoning  in  animals  have  been  attributed  to  them.  This  genus  is 
American  in  origin,  but  is  found  mainly  in  the  Eastern  States.  The 
members  of  this  group  received  their  generic  name  in  honor  of  Peter 
Kalm,  but  their  popular  name,  laurel,  was  given  on  account  of  the 
resemblance  of  their  leaves  to  those  of  the  English  laurel  tree,  a 
member  of  an  entirely  different  family.*  On  account  of  the  beauty 
and  perfection  of  their  flowers  they  were  once  proposed  as  a  national 
emblem," 

Of  these,  mountain  laurel  {Kaimia  latifoUa),  shown  in  Plate  II,  is 
probably  the  most  important.  North  of  Maryland  it  is  usually 
known  as  mountain  laurel,  while  south  of  Maryland  it  is  sometimes 
known  as  ivy.*  It  has  also  received  many  other  names,  as  calico 
bush,"  laurel,'  sheep  laurel,  mountain  ivy,"  wintergreen,  great  laurel,* 

'Tbe  mountain  Inurel,  KaJmia  latifoUa  L..  has  long  been  recognized  by  many 
people  as  one  of  our  most  deadly  xbriibs^  It  Is  a  poison  fatal  to  live  stock,  es- 
pecially to  sbeep  and  Koats,  wbich  seem  more  likely  tban  cattle  and  borses  to 
browse  on  It.  The  Bureau  of  Plant  Industry  Is  In  receipt  of  letters  Inquiring 
Into  tbe  facts  concerning  its  action  and  tbe  metbods  of  treating  poisoned  stock. 

Dr.  Albert  C.  Crawford,  Pharmacol oglBt,  under  the  direction  of  Dr.  Rodney 
H.  True,  Pbyslologlst  In  Charge  of  tbe  Poisonous-Plant  Investigations  of  tbls 
Bureau,  bas  given  tbe  matter  laboratory  study  with  tbe  results  here  briefly 
stated. — B.  T.  Galloway,  Chief  of  Bureau. 

1  Eatm,  P.    Travels  into  North  America,  2d  ed„  vol.  1,  p.  263.  London,  1TT2. 

"  Bailey,  L.  H.  Cyclopedia  of  American  Horticulture,  4th  ed.,  vol.  3,  p.  SS4, 
1906. 

*  Gronovlus,  J.  F.    Flora  Virgin.,  pt,  2,  p.  160,  1743, 

•Coulter,  S.  Catalogue  of  Flowering  Plants  •  •  •  ladlgenons  to  In- 
diana. Dept.  Geol.  and  Nat.  Resources  of  Indiana,  24tb  Ann.  Rept„  1889,  p. 
607. 

'  OronoviuB,  J.  F.,  I.  c,  p.  ISO. 

f  Smltb,  J.  £,  Natural  History  of  the  Rarer  LepIdopterouB  Insects  of 
Georgia,  vol.  1,  pi.  73,  1797. 

►  Cutler,  M,  Account  of  Some  of  the  Vegetable  Productions  Naturally 
Growing  In  This  Part  of  America.  Amer.  Acad.  Arts  and  Scl.  Slem.,  vol.  1,  p. 
442,  178G, 

121—11  Digitized  by  CttO"^  Ic 


22  MISCELLANEOUS  PAPERS, 

American  laurel,"  wicky,  rose  laurel,  etc.  The  Pennsylvania  moun- 
tain laurel  *  (Rhadode^idron  maximum)  is  a  closely  allied  species, 
while  in  California  the  name  mountain  laurel  is  applied  to  Oreo- 
daphne  caUfomica{  a  member  of  the  family  of  Lauraceie. 

Mountain  laurel  usually  occurs  as  a  shrub,  growing  from  5  to  15 
feet  high,  but  in  the  Blue  Ridge  Mountains  of  North  Carolina  it  has 
been  seen  reaching  to  a  height  of  25  or  30  feet." 

The  species  extends  from  New  Brunswick  and  Canada  to  Florida, 
and  through  the  Gulf  States  to  Louisiana  and  Arkansas,  but  is  espe- 
cially abundant  through  the  Eastern  States  along  the  Allegheny 
Mountains,  where  it  forms  dense,  impenetrable  thickets."  In  spite 
of  the  name  "  mountain  laurel "  it  grows  on  hills  and  banks  in  the 
lowlands,  but  especially  along  the  courses  of  streams.  The  leaves 
are  of  a  tough,  leathery  consistency  and  are  evergreeh.  The  flowers, 
which  are  nearly  destitute  of  odor,  have  a  peculiar  arrangement  of 
their  stamens,  which  bend  over  with  their  brown  anthers  projecting 
into  pockets  in  the  corolla,^  so  tliat  when  this  flower  is  visited  by  a 
bee  they  fly  back,  scattering  the  pollen  over  its  own  stigma,  and  also 
over  the  insect,  which  then  carries  it  to  other  flowers,  securing  cross 
pollination.  The  flowers  have  a  waxlike  appearance  and  vary  from 
a  white  to  a  rose  color.  The  wood  of  the  mountain  laurel  is  close 
grained  and  hard  and  is  a  substitute  for  boxwood,  and  it  may  be  used 
for  making  handles  of  small  tools,  etc."  The  powder  covering  the 
leaves  has  been  used  as  a  snuff.*  The  laurel  leaves  have  been  utilized 
ever  since  the  time  of  the  colonists  as  one  of  the  evergreens  for 
Christmas  decorations.' 

"  Coulter,  R,.  1.  c,  p.  607. 

*  Marshall.  H.    Arbost.  Amer..  p.  127,  1785. 

'  Heports  of  EKiilorations  and  Surveys  •  •  for  a  Railroad  from  tbe  Ml»- 
Blsslppl  River  to  the  Piiddc  Otvan,  18.^3-54.  Senate  Doc.,  M  Seas.,  33d  Gong., 
vol.  13,  pt.  4,  p.  133,  1858. 

'Auron,  C.  B.  Our  Commou  PoIboqous  Plants.  Cram's  Magazine,  1900,  vol.  2, 
p.  S02. 

«  Sargent,  C.  S.  Report  on  the  Forests  of  North  America,  lOth  Caisus,  p.  98, 
1884. 

'  The  details  as  to  tbe  historical  structure  of  this  plant  will  be  found  In  tbe 
following  works:  , 

PaschlfiB,  H.  Contributions  to  a  Closer  Knowledge  of  Some  Llttle-Enown 
Leaves.  Phami.  Jour.  Jind  Trans.,  3d  iter.,  vol.  12,  p.  80,  1881-82.  Also  ZelM. 
d.  allg.  oeat.  Apoth.-verelnes,  vol.  18.  p.  431.  ISSO. 

Breltfeld,  A.  Der  anutom.  Bau  d.  Blatter  der  Rhododeudroldete  In  Bale- 
bung  211  Ibrer  gystcinntisrhen  GrupplruiiK  und  zur  geugrapblscben  VerbreltuDfc. 
Botau.  Jahrb.,  vol.  9,  ii.  319,  ISNT-SS. 

Vesque,  JuUeo.  Curact^res  des  Frlnclpales  Families  Gamop^tales  Tlrto  de 
I'Anatomle  de  la  Feullle.  Ann.  des  Set.  Naturel.  Botan..  Ttb  ser.,  vol.  1,  p.  240, 
1885. 

Solereder,  Hans.    System.  Anatom.  d.  Dlcotyledonen,  1899,  p.  fi41-6Sl. 

f  Emerson,  (j.  B.    Trees  and  Shrubs  of  Massachusetts,  roL  2,  p.  44D,  187S. 

*  Browne.  I>,  J.    Trees  of  America,  p.  364. 

*Kalm,  P.,  I.  c.  p.  264.  ,-  . 


FLowemNa  Branch  of  Mountain  Laurel  (Kalmia  latifoua,  L.). 
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Notices  of  this  plant  occur  in  the  early  botanies'  and  books  of 
American  travel.  Capt  John  Smith  describes,  in  his  Generall  His- 
torie  of  Virginia,  1624,  vohime  I,  page  10,  a  "Kiade  of  tree  like 
Lowrell,"  while  Hudson  in  1609  mentions  "rose  trees"  as  occurring 
on  Cape  Cod,  Catesby  describes  it  under  the  name  Chamaedaphne 
foliis  tini,  floribus  bullatis  umbelktis,  and  says  distinctly  that  "  When 
cattle  and  sheep,  by  severe  winters  deprived  of  better  food,  feed  on 
the  leaves  of  these  plants,  a  great  many  of  them  die  annually."  '  The 
Delaware  Indians  are  said  to  have  used  a  decoction  of  these  leaves  for 
suicidal  purposes." 

Public  attention  was  especially  called  to  this  plant  by  Peter  Kalm,  * 
the  Swedish  botanist,  after  whom  Linneeus  named  the  genus  Kalmia. 
He  described  it  under  the  name  "  spoon  tree,"  because  the  Indians  at 
that  time  made  spoons  of  this  wood.  During  his  travels  in  America 
in  1748  he  noted  that  calves  which  had  eaten  of  the  leaves  became 
"  sick,  swelled,  foamed  at  the  mouth,  and  could  hardly  stand,"  and 
reported  from  the  observations  of  the  colonists  that  sheep,  especially 
young  ones,  died  very  quickly  after  eating  of  these  leaves,  and  that 
horses,  oxen,  and  cows  were  made  sick  but  seldom  died,  as  these  ani- 
mals ate  only  small  quantities  of  the  leaves.  Deer  and  partridges 
were  said  to  feed  on  the  leaves  with  impunity,  and  the  venison  from 
these  deer  was  harmless  to  man.**  A  snake  was  said  to  have  been 
killed  by  dropping  a  tincture  of  this  plant  on  its  back." 

John  Baitnim,  an  early  American  botanist,  was  an  ardent  lover 
of,  and  writer  on,  mountain  laurel,  and  by  him  it  was  brought  to 
CoUinson's  attention,  who  then  introduced  it  into  England  about 
1734.'  It  would  seem  more  appropriate  to  have  namfed  the  genus 
after  him,"  as  his  work  antedated  that  of  Kalm.     During  General 

''\'an  der  IKmck,  A.  VertoogL  van  Nlcu  Nederlanil,  1C50.  I'ranslated  by 
II.  C.  Murphy,  ISTrl.  |i.  111.— Plukenet,  L.  Altuagest.  botaii.,  1769,  p.  lOtt;  Alma- 
gent,  botaii.  Mantissa,  lyilt),  p.  411.— (ironovius.  J.  F.,  I.  c,  |>.  lU).— Llutisua,  C. 
Sliec.  Plant.,  Ed.  Wllldenow,  vol.  2.  p.  GOO,  1700.  Siiec.  Plant.,  vol.  1,  p.  3i«,  1753. 
AmtPn.  Atad.,  vol.  3,  p.  13,  17(i4.— Trew,  G.  J,  Flantic  Selecta,  1750,  pi.  3a 
Ray,  J.  Illst.-  I'lnnt.,  vol.  2.  p.  1027,  t«ndon.  1088.  [Bminiater's  list  af 
1080.1 — Hudson,  II.  Discourse.  CollectlouB  ot  tbe  Nfw  York  Hietorleal  Soci- 
ety for  tbe  Year  1«09,  vol.  1,  p.  121. 

*  Catesby,  M.    Natural  Ilistorj-  of  Carolina,  vol.  2,  p.  98,  1743. 

^  Barton,  B.  S.  Some  Account  of  tbe  Poisonous  and  Injurious  Honey  of  Nortb 
America.    Amer.  Phil.  Soc.  Trans.,  1802.  vol.  5,  p.  61. 

'  Kalm,  P.,  1.  C,  pp.  204-265. 

'  Barton,  R.  K.  Collections  for  nn  Kswiy  townrdti  a  Materia  Medlea  of  the 
Tnlted  States,  pt.  2,  p.  27,  ISO). 

'Alton,  W.    HortuH  Kewcnsis.  vol,  2,  p.  04,  1780,— Catesby,  M.,  I.  c„  p.  08. 

7  Darlington,  W.    MemorialH  of  Jobn  Bartrani  and  Humphry  Mnrshtill.  pp. 
130,  141,  228,  etc.,  Pblladelpbla.  1849.— Bartram.  Jobn.    Observations,  I^ndon, 
ITT.l.  lip.  2tiand00.^ 
ISi-n 
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Braddock'a  campaign  against  the  French  and  Indians  in  1755  many 
horses '  were  lost  from  eating  mountain  laurel.  The  plant  was  intro- 
duced into  France  by  Michaux."  In  1802  George  G.  Thomas '  per- 
formed some  experiment.s  with  Kahma  latifolki  and  A',  anguatifoliii 
on  himself,  on  a  friend,  and  on  some  dogs.  These  experiments  he 
^embodied  in  nn  inaugural  dissertation  which  was  presented  to  the  ITni- 
versity  of  Pennsylvania.  Six  to  15  grains  (0.4  to  1,0  gram)  of  the 
dried  leaves  produced  di.stinctly  unplea,sant  symptoms — rapid  pulse,  a 
feeling  of  fullness  witli  pain  in  the  head,  throbbing  of  the  temples, 
with  nausea,  vomiting,  and  dilatation  of  the  pupils.  In  dogs  (he 
administration  of  a  decoction  of  30  grains  (2  grams)  was  follower! 
by  marked  salivation,  with  stupor,  rapid  respiration  and  purgation, 
paralysis,  and  finally  convulsions.  Thomas  made  the  interesting  ob- 
servation that  If  the  laurel  was  mixed  with  lard  the  toxic  symptoms 
were  much  lessened.  He  examined  the  distillate  from  the  leaves  for 
an  essential  oil,  but  failed  to  find  any. 

After  Thomas,  several  experimentei's  reported  on  the  action  of 
mountain  laurel  upon  themselves.  Bigelow,"  who  saw  the  dried 
leaves  taken  in  doses  up  to  iJO  grains  without  i)roducing  symptoms, 
questioned  if  the  leaves  had  a  sjx'cific  action,  and  traced  any  injurious 
effect  tliey  might  exert  to  their  indigestibility.  Others,  as  Osgood,' 
Stabler,'  and  an  anonymous  author  in  the  Boston  Medical  and 
Surgical  Journal,  volume  10,  page  213,  rejiorted  severe  symptoms  on 
themsehes. 

This  action  was  compai-ed  with  that  of  Veratrum."  From  this 
time  on  few  repoiis  of  experiments  were  published,  yet  the  number 
of  cases  of  poisoning  in  stock  reported  to  the  Department  of  Agri- 
culture induced  the  ('ommissioner  to  call  attention  to  this  subject  in 
his  report  of  1803,*  Sheep  are  the  animals  u.sually  reported  as 
affected  by  the  plant.  Under  ordinary  conditions,  however,  eastern- 
bred  sheep  will  not  eat  the  plant  unless  they  are  starved  or  their 
supply  of  green  or  attractive  food  has  been  cut  off. 

As  is  well  known,  most  of  tlie  cases  of  poisoning  occur  in  winter," 
when  the  laui'el  is  the  only  green  plant  around,  although  western-bred 

'  Hartoii,  B.  S.,  I.  c,  II.  m. 

*BrowHe,  D.  J.    Trees  of  America,  p.  3C4. 

cTLomua,  U.  G.  Iiiuugural  DlHsprtatlon  cm  the  Knlmiti  Ijitlfolta  and  Augus- 
tlfolla,  PhtlBdolpliin,  1S02. 

■"  Bigelow,  J.    Amer.  Med.  Bot.,  vol.  1,  p.  140,  1817. 

^BlKoUiw.  J.,  I.  c.  vol.  3,  p.  185,  18^1. 

'  Stabler,  11.  H.  On  Kftliula  ijitlfoUa.  Amor.  Jonr.  Pbami.,  ii.  8.,  vol.  10.  ji. 
241,  184ij, 

c  Medical  ITojiertieH  of  tlie  Kaliiilji  Ijtlfolln.  Boston  Med,  and  Surg.  Joiir„ 
vol.  10.  p.  21.1.  1S;'.4. 

»  IteiHirt  iif  the  Comuiisuloner  of  ARricultnre  for  1SIS3.  i).  242. 

'  Itomarknble  Iimtnuce  of  the  Absence  of  Animal  ItiBtlucL  Peuny  Masasiue, 
vol.  7,  p.  2S3,  1838. 
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sheep  if  suddenly  turned  into  a  laurel  area  may  eat  it  at  any  time. 
As  the  leaves  are  tasteless  and  of  a'tough,  leathery  consist«ncy.  it  is  ■ 
very  evident  why  animals  will  not  eat  the  plant  under  ordinary  con- 
ditions. 

A  good  illustration  of  actual  poisoning  is  given  by  Rusby  "  where 
out  of  a  flock  of  1,000  sheep  which  escaped  into  a  laurel  area,  at  least 
27  showed  symptoms  of  poiaoning.  Those  affected  were  mainly  the 
young  ones.  In  these  cases  the  tracks  on  the  snow  around  the  bushes 
and  the  presence  of  leaves  in  the  stomach  siiowed  conclusively  the 
cause  of  the  trouble.  Ilalsted  *  reported  poisoning  in  cows  after 
eating  laurel  wreaths  which  had  been  thrown  from  a  cemetery  into 
their  pasture.  A  striking  case  occurred  in  the  National  Zoological 
Park,  Washington,  D.  C,  where  six  Angora  goafs  were  poisoned  by 
laurel  thrown  to  them  by  visitors;  later,  a  Diana  monkey  died  with 
typical  symptoms  after  eating  the  leaves  held  to  it  by  a  visitor.  The 
leaves  of  the  plant  were  found  in  the  monkey's  stomach.  The  post- 
mortem examination  in  this  case  was  negative.  Since  these  poison- 
ings occurred  visitors  have  been  prohibited  from  carrying  laurel  into 
the  park. 

Barton  in  1802 '  called  attention  to  the  fact  that  the  honey  made 
f i'om  Kalmia  angvsiifolia  was  poisonous  to  man,  and  while  no  direct 
proof*  has  been  published  that  honey  made  from  A'.  lat'tfoUii  is 
poisonous  it  is  perfectly  logical  to  suppose  that  it  is,  as  Plugge  found 
that  honey  made  from  Rhododendron  ponticum,'  a  closely  related 
plant,  gave  the  same  chemical  and  physiological  tests  on  frogs  and 
mice  which  he  considers  characteristic  of  itsTictive  principle,  androuie- 
dotoxin.  Rhododendron  ponticiim.  is  the  plant  which  is  supposed  to 
have  yielded  the  honey  which  poisoned  Xenophon's  '  army. 

Under  these  circumstances  the  Seci'etary  of  Agi-iculture  advised 
against  raising  bees  in  the  neighborhood  of  mountain  laurel.  An 
unpublished  report  is  on  file  at  this  office  of  investigations  in  which 
extracts  of  mountain  laurel  were  mixed  with  honey  and  fed  to  bees. 

"  RuRbf.  H.  H.  The  Poisonous  ProiNsrtles  of  Moimtalu  Lniirel.  Urng.  Or. 
and  Chem.  Gas.,  vol.  46,  p.  §7,  1II02. 

'HalBted,  B.  D.  Klghtli  Annual  Iteport  of  tbe  New  Jersey  Agricultural 
(^oll^e  ExperlDjent  Station  for  ISOR,  p.  355,  1896. 

'  Barton,  B.  S.  Some  Account  of  the  I'olsonoua  am]  Injurious  Honey  of 
North  America.     Amer.  Phil,  Soc.  Trans.,  1802,  vol.  5,  p.  59. 

*  American  Bee  Journal,  ISSHJ,  pp.  92,  140,  240,  202.— Root,  A.  I.  A  B  C  of  Bee 
Culture,  p,  249. — Honey  from  Mountain  Laurel.  American  Bee  Journal,  vol. 
35,   p.   826,   1895. 

*  Plugge,  P.  C.  GIftlger  Honlg  von  Rhododentlron  [>onticum.  Arch.  d.  Phanu., 
vol.  229,  p.  554,  1891. — Thresh,  J.  C.  Notes  on  Treblzonae  Honey.  Pharm. 
Jour,  and  Trans.,  1887-88,  vol.  18,  pp.  397,  404, 

'Pliny.     Xiit.  IIlBt.   (TrnuHlated  hy  Bostot-k  iinil  llllpy).  veil.  4,  \i.  Ml.— Ab- 
bott, K,  E,     L«tter,  ill  Proc.  ^^oolog.  Soc.  Loudon,  pt,  2,  p,  50,  1S34. 
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The  name  of  the  investigator  can  not  now  be  ascertained.  These  bees 
.  are  said  to  have  shown  no  symptoms,  but  the  honey  they  made  pro- 
duced typical  symptoms  in  two  jiersons  who  ate  it."  It  has  been 
claimed  that  the  tletsh  of  birds  after  eating  laurel  is  poisonous  to 
man,"  but  Wilson,"  Audubon,**  and  Aaron"  state  that  they  have  fre- 
quently jwten  without- injury  partridges  whose  craws  were  filled  with 
laurel  leaves  and  buds.  It  is  probable  that  many  of  these  cases  of 
poisoning:,  were  really  due  to  pt-omaines,  as  they  usually  occurred 
from  undrawn  animals. 

There  are  few  cases  in  man  of  poisoning  with  laurel.  Children  are 
said  to  have  been  poisoned  by  eating  the  plant  in  mistake  for  Gaul- 
theria  procumheTis,'  although  there  are  no  published  cases  to  that 
effect.  Laurel  is  claimed  to  be  used  in  certain  liquors  to  render  them 
more  intoxicating.'  Barton  *  noted  thet  the  flowers  of  Kahnda  laiA- 
folia  would  produce  a  vesicular  eruption  in  certain  persons. 

EFFECT  OF  MOTTHTAIN  ULUBEL  ON  SHEEP. 

Stable-fed  sheep  and  lambs  were  turned  into  an  inclosed  area  in 
which  the  mountain  laurel  was  the  only  green  plant.  These  sheep, 
which  were  kept  under  observation  for  several  hours,  refused  to  do 
more  than  merely  nibble  at  the  leaves,  and  when  placed  ih  grassy  areas 
where  this  plant  was  growing  they  positively  refused  to  touch  it. 
These  observations  agree  with  those  of  Wood '  on  Kalmta  angusti- 
folia.  Otiier  animals  besides  sheep  seem  disinclined  to  eat  it.  Kalm 
reported  in  1754  that  the  leaves  of  the  trees  in  Pennsylvania  were  de- 
voured by  a  worm,  but  that  the  mountain  laurel  leaves  were  un- 
touched.J 

Sheep  weighing  alx)Ut  50  pounds  (2r»  kilos)  were  fed  with  doses 
of  f),  10,  15,  25,  and  3y  grams  of  the  dried  ground-up  leaves  in- 
closed in  gelatine  capsules  without  producing  poisonous  symptoms. 
Fifty  gnims,  when  gi\'en  to  a  sheep  weighing  33.5  kilos,  induced  a 
staggering  gait  and  slig^it  salivation,  but  doses  of  85  grams  would 
cause  death  in  a  very  few  hours  unless  diarrhea  set  in.    Under  these 

«  Unpublished  HnBwpr  to  Inquiry,    fiw  note  on  paiie  36. 

*  Burton,  B.  S.,  1.  c,  i>.  CO.— Elliot,  D,  G.  "  Ofiiue  Birds  "  of  the  United  StntM. 
Report  of  Ilie  (^omnilseloner  <)f  Agrlcultnre  for  1864,  pp.  363,  864,  iSS5. 

•'Wilson,  A.,  nnd  Bonoi^arte,  C.  T^  Ainer.  Omitbolog;,  vol.  2,  p.  319,  Edln- 
biii'KL,  1S31. 

■"Audubon,  J,  J,     Birds  of  America,  vol.  5,  p.  79,  1871, 

<■  Aaron,  C.  K.     Cram's  Magazine,  vol.  2,  [).  502,  1900. 

'  UnpiihUsbed  rorres|>ondfucp.     (G.  Wathlns,  18flQ.) 

*<'hesnut,  V.  K.  I'rtnclpal  Polsononn  Plnnts  of  United  States.  U.  B,  D«(rt. 
Agr.,  Div.  Bot.  Bnl.  20,  ]».  45. 

*  Barton,  B.  S.  Collections  for  sin  Essay  Towards  n  Materia  Medics  of  tbf 
I'nited  States,  p.  S.'i,  1804. 

*«'ooil.  T.  F.  la  Hbeep  Lanrel  PoiaonouB  to  8tieei>?  American  Agrlcnl- 
tnrlBt,  vol.  42,  r'.  00.  IWW. 

'Knlui,  P.,  1.  c,  vol.  J.  p.  26C. 
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couditions  sheep  have  survived  this  dose.  In  starved- -Animals  no 
doubt  smaller  doses  would  be  poisonous. 

One  esperinient  was  with  a  sheep  about  7  years  old;  weight  about 
22.5  kilos.  On  June  1,  1905,  at  11:05  a.  m.,  the  temperature'  was 
104.5"  F.,  respiration  60,  pulse  90  per  minute.  A  slight  secretion  from 
the  nostrils  was  present  owing  to  a  coryza ;  pupils  about  one-fourth  of 
an  inch  wide;  the  conjxuictival,  buccal,  and  mucous  membranes  nor- 
mal. Eighty-five  grama  of  powdered  dried  laurel  leaves  in  sealed 
gelatine  capsules  were  given.  The  feeding  lasted  twenty-five 
minutes. 

Following  the  administration  of  the  capsules  littltf  inclination  to 
eat  was  manifested,  urination  and  slight  defecation  taking  place  dur- 
ing the  first  hour.  At  1  p.  m,-,  respiration  was  110  per  minute,  pulse 
117,  temperature  104°  F.  Marked  disinclination  to  move  was  shown, 
the  sheep  permitting  itself  to  be  easily  turned  on  its  .side.  It  ate  only 
sparingly.  Two  hours  after  taking  the  laurel  leaves  urination  was 
repeated  and  slight  'eraesis  set  in,  followed  soon  by  mental  dull- 
ness, as  shown  by  decreased  uttention  to  surrounding  objects,  with 
a  loss  of  alertness,  while  the  face  took  on  a  sleepy  appearance  and 
saliva  began  to  accumulate  about  the  mouth.  Respiration  was  some- 
what labored  and  the  unsteadiness  in  gait  became  marked.  Two  and 
three-fourths  hours  after  eating  the  laurel  the  sheep  assumed  an 
awkward  attitude  in  standing,  the  hind  legs  being  set  wide  apart. 
*  Repeated  emesis  became  a  prominent  feature  and  continued  for  about 
an  hour,  the  ejecta  being  thin  and  mustard-like.  Apparently  to  facil- 
itate t^reathing,  the  mouth  was  kept  open  most  of  the  time.  Weakness 
and  unsteadiness  increased  until  three  and  one- fourth  hours  after  eat- 
ing the  laurel.    At  this  time  it  was  difficult  for  the  animal  to  stand. 

At  2;  46  p.  m.  the  temperature  was  107°  F.,  respiration  50  per  min- 
ute, pulse  124.  The  pupila  were  of  the  same  size  as  before  the  feeding. 
The  abundant  nasal  secretion  at  this  time  became  a  very  marked 
symptom,  and  "continued  so  throughout  the  history  of  the  case. 
Weakness  increased  until  the  animal  could  not  stand,  and  a  dimin- 
ished sensitiveness  to  skin  irritation  was  noted.  Death  ensued 
quickly  at  3:06  p.  m.     No  convulsions  were  not«d  at  any  time. 

The  post-mortem  examination  was  made  at  once.  The  sheep  ap- 
peared to  be  well  nourished.  Some  mustard -colored  ejecta  were 
found  in  the  trachea  as  well  as  in  the  bronchioles.  The  lungs  crepi- 
tated markedly,  but  showed  no  special  amount  of  fluid.  The  pleural 
cavity  contained  no  increased  amount  of  fluid.  The  mucous  mem- 
branes were  not  discolored.  The  heart  contained  no  clots,  was  not 
dilated,  and  contained  only  a  little  dark  bloo<l.  The  stomach  was  full 
of  food  and  its  walls  showed  no  signs  of  irritation.    The  intestines 

■  In  all  cases  the  tein|>4>ratiii'e  wuh  taken  liy  the  rectum. 
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were  apparently  oonpested,  but  showed  no  hemorrhages.  The  small 
intestines  were  more  or  less  filled  with  thin  normal- looking  content'^. 
The  kidneys  appoan'd  nomial,  the  bile  was  of  ii  dark-green  color,  and 
the  bladder  was  contracted  and  empty.  The  central  nervous  system 
was  not  examined. 

The  bile  from  this  sheep,  which  iimoiinlod  to  about  20  c.  c,  wiis 
treated  with  alcohol,  and  after  evaporating  off  the  alcohol  in  vacuo 
was  [jrecipitated  with  lead  acetate.  The  filtrate  when  fi-eed  from 
lead  by  H.S  and  injected  into  guinea  pigs  produced  absolutely  no 
symptoms  characteristic  of  laurel  poisoning. 

On  May  2;i,  1!>05,  one  of  the  yearlings  previously  used,  weighing 
•24.ii  kilos  (49  jxiunds),  was  fed  with  90  grams  of  powdered  dried 
hini'el  leaves  in  sealed  gelatine  capsides,  the  feeding  beginning  at 
11 :!.')  a.  m.  and  taking  nlxnit  fifteen  minutes.  Before,  feeding,  the 
pulse  was  IS"),  respiration  itO  |)er  minute.  riK'tal  temperature  10;i.9°  F. 
.\fli'r  forty-five  niiniilcs  an  increased  secretion  of  saliva  became  evi- 
dent about  the  mouth  and  the  sheep  nibb]e<l  slightly  at  the  grass.  At 
1  :\'i  p.  m,  the  temxHTatim'  was  10.">°  F.,  the  head  was  held  low,  respi- 
nition  was  somewhat  labored,  and  saliva  ran  profusely  from  the 
mouth;  pulse  104.  respiration  irregular,  144  per  minute,  pupils  un- 
changed. Two  and  a  quarter  hours  after  feeding,  the  animal  became 
less  active,  the  ears  were  held  back,  and  the  general  aspect  was  that 
of  a  sheep  half  asleep.  Ke-spiratory  and  .salivary  symptoms  contin- 
ued, the  animal  standing  with  the  hind  legs  wide  apart  and  showing 
evidence  of  weakness  in  the  hind  quarters  by  a  staggering  gait. 

Four  hours  after  feeding,  profuse  nasal  secretion  became  a  con- 
spicuous feature  and  weakness  increased  to  such  a  degree  that  the 
subject  was  unalile  to  stand:  respiration  120,  temjierature  1&4°  F. 
The  nostrils  were  moist ;  pupils  normal.  Convulsions  soon  appeared, 
with  sen.sitivenoss  to  t<mch  persisting  in  the  conjunctiva;  knee  jerks 
active,  pupils  a  trifle  dilated.  Ten  minutes  later  eniesis  followwl. 
Kespiration  was  apparently  increasingly  difficult.  The  hind  legs 
seemed  stiff.  At  3  ;50  p.  m.  the  pulsi'  was  104  per  minute,  temperature 
lOS.S"  F.,  with  continued  attempts  at  eme.sis  and  repeated  tossing  of 
the  head  from  si<]e  to  side :  pupils  normal.    Death  ensued  at  9 :30  p.  ni, 

Xo  discoloration  of  the  mucous  membranes  was  noted,  and  con- 
i^tipation  prevailed  during  the  period  of  observation.  At  no  time  was 
a  marked  thirst  shown.  The  po.st-mortem  examination  made  the  fol- 
lowing day  showed  the  trachea  injected  and  very  moist  and  two  or 
three  teaspoonfuls  of  pure  serum  in  the  pleural  cavity.  The  lungs 
were  cwlematons.  The  anriclcs  were  relaxed  and  filled  with  black 
clots:  the  left  ventricle  contained  vci-y  little  black  blood,  while  the 
right  ventricle  containtHl  very  much  more.  The  abdomen  was  dis- 
tended with  gas.  The  stomach  was  partially  filled  with  food;  the 
second    and    thini    st<imach    walls   showed    no   special    lesions,   but 
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the  intestines  throughout  showpd  marked  hemorrhagic  enteritis. 
The  small  intestines  contained  very  little  solid  matter,  but  there  was 
some  well-formed  fecal  matter  in  the  creciim.  The  liver  was  perhaps 
n  trifle  pale  and  the  kidneys  were  slightly  injected.  The  spleen 
showed  no  maci'oscopic  change.  In  none  of  these  cases  was  it  pos- 
sible to  secure  the  urine  for  examination,  as  the  bladder  was  found 
empty. 

On  October  14,  1005,  a  five-year-old  { ?)  sheep,  having  a  tempera- 
ture of  101. 8°F.,  at  1 :20  p.  m.  was  given  !)0  grams  of  freah  Laurel  leaves 
ground  up  and  mixed  with  meal.  The  ration  was  practically  all 
eaten  at  3 :20  p.  m.,  when  the  temperature  stood  at  104°  F.  At  6  o'clock 
on  the  next  morning  a  faihiiv  of  ap|)etite,  together  with  .-iloblwr- 
ing,  was  noted.  Nnmerous  soft  stools  were  found  in  the  pen  during 
the  day.  At  10:12  a.  m.  increased  salivaiy  secretion  produced  a  frothy 
appearance  about  the  mouth  and  the  sheep  held  its  head  low.  At  2 :15 
p.  m.  slight  emesis  and  marked  secretion  of  nasal  mucus  occurred  ac- 
companied by  a  temperature  of  103. .5°  F.  Twenty-five  hours  later 
the  slobbering  ha3  ceased,  but  the  appetite  had  not  returned  and 
the  temperature  stood  at  102.fl°  F.  Twenty -two  hours  later 
(1:45  p.  m.,  October  17)  the  temperature  was  103.5°  F.  and  the  ani- 
mal seemed  normal.  The  presence  in  the  pen  of  numerous  soft  stools 
was  noted.    The  sheep  recovered. 

EFFECT  OF  MOUNTAIN  LATTBEL  ON  BABBITS. 

On  February  C,  li)05,  a  rabbit  weighing  2,006  grams  received 
hypodermically  one  drop  of  aqueous  extract  of  laurel  (1  gram  of 
dried  leaves  in  3.75  c.  c.  of  water).  Further  administrations  were 
made  as  follows:  February  13,  2  drops:  Febnutry  21,  3  drops:  Feb- 
ruary 25,  4  drops;  February  2.'*.  G  drops;  March  3,  9  drops;  March 
7,  12  drops;  March  10,  14  drops;  March  22,  20  drops.  On  the  last 
date  evidence  of  laurel  action  appeared  and  a  slight  loss  of  appetite 
was  noted.  On  March  30,  2.">  drops  were  administered  as  before,  fol- 
lowed oti  April  5  by  30  drops.  At  this  time  the  animal  weighed 
1,S28.5  grams.  At  9:4fl  a.  m.  the  temjierature  was  100.9°  F.,  the  ad- 
ministration of  the  extract  following  three  minutes  later.  The 
resiilting  events  were  as  follows:  10:05  a.  m.,  mouth  moist:  10..50 
a.  m..  convulsions;  11:15  a.  m.,  could  not  stand;  11:55  a.  m.,  could 
.sit  up  in  usual  posture ;  1 :54  p.  m.,  apjieai-ed  normal.  At  3 :50  p.  m. 
the  temperature  was  103.3°  F.  The  animal  lived  about  a  year  after 
the  close  of  this  investigation. 

A  rabbit  weighing  1,559  grams,  which  had  not  received  any  pre- 
vious injections,  was  given  hypodermically  at  !l:r)4  a  m.,  April  5, 
1905,  30  drops  of  the  extnict  used  in  the  preceding  case.  The  tem- 
perature five  minutes  before  administration  was  100.8°  F.  The  fol- 
lowing symptoms  developed  rapidly:  After  nine  minutes,  interferf 
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ence  with  the  gait,  followed  shortly  by  urination  and  increasing  evi- 
dences of  weakness,  with  ninrked  difficulty  in  standing,  was  noted ; 
slight  convulsions  were  seen  35  minutes  after  administration,  repeated 
at  intervals  during  the  following  .hour  and  a  quarter;  at  11:15  a.  m. 
paralysis  of  the  hind  Ugs  led  to  a  straddhng  attitude,  head  held  back, 
and  sphincter  relaxed.  The  temperature  at  11:50  a.  m.  was  {)5^°  F. 
At  1:54  p.  m.  the  animal  was  much  better.  It  could  walk  but  stag- 
gered. At  3 :49  p.  in.  the  temperature  was  102.3°  F. ;  condition  good. 
The  rabbit  seemed  apparently  all  right  until  April  13,  when  convul- 
sions occurred  which  were  followed  by  death. 

GENERAL  STDIFTOMS  OF  POISONING. 

The  symptoms  commonly  observed  are  salivation,  tearing,  an  in- 
creased flow  of  secretion  from  the  nosp,  emesis  with  convulsions,  and 
later  paralysis  of  the  limbs.  Oii  post-mortem  examination  the  main 
macroscopic  lesion  is  dilation  of  the  vessels  of  the  intestinal  walls," 
and  if  the  case  is  not  too  acute,  hemorrhages  into  the  inte.stinal  walls 
occur,  resembling  what  is  known  as  rhododendron  poisoning.  The 
aqueous  extract  of  the  flowers  produced  the  same  symptoms  on  rabbits 
as  that  made  from  the  leaves. 

ACTIVE  PBINCilPLE. 
Comparatively  little  chemical  work  has  been  done  with  mountain 
laurel  save  testing  for  a  volatile  oil "  and  arbutin.''  Most  of  the  chem- 
ical work  has  been  done  on  a  closely  related  plant,  Andromeda 
japonica,  now  known  as  Pieria  japonica.  Eykmann ''  isolated  an 
amorphous  glucosidiil  body  which  he  called  asebotoxin,  which  melted 
at  120°  C.  and  had  a  lethal  dose  for  rabbits  of  3  mg.  per  kilo.  Plugge  ' 
studied  the  same  plant,  making  his  flrst  report  in  1S82.  He  extracted 
the  plant  with  water,  then  precipitated  with  lead  acetate  and  lead 
subacetate,  and  after  removing  the  lead  with  sulphureted  hydrogen 
or  sodium  sulphate  concentrated  the  fluid  in  vacuo  at  50°  C.  This 
colorless  fluid  was  then  shaken  out  with  chkiroform,  and  the  chloro- 
form on  evaporation  left  transparent,  noncrystalline  scales,  which  he 
called   andromedotoxin.     The   mother   liquid   gave   an   amorphous 

'  111  oue  case  of  piilaoniiiB  tiy  Anrinimrria  pnHfoUa.  tbls  wns  iiotpil  by  PlutCKe. 
Tetior  d.  Vorkoumieii  <!.  Aiidromedotoxliis  In  Aiidrouiedu  Pollfolln.  Arcb.  d. 
Phurm..  vol.  221,  i>.  814,  I.S.S.H. 

'Stabler  R.  H.  On  Kalnila  TjitlfoUa.  Aiiier.  Jour.  Pbarni.,  n.  s.,  vol,  10,  |k 
24fl.— Bullock,  C,     On  Kalmla  Latlfolin.     Amer.  Jour.  Pharni.,  n.  s,.  vol.  14.  \i. 

•jm.  1S48. 

•"  Kennedy,  O.  W.  Arijntln  In  Kalmin  Tjitlfolla.  Amer.  Jour,  Phanii..  vol.  47. 
II.  T>.  1S75. 

*  Eykiiiann,  I.  V.  Sur  Ip  Prlnclpp  Toslqup  do  rAndronicda  JiljMnk-a.  Hf*.:  *l, 
Tmvniix  Clilni.  den  Pn.vH-Bn»,  v<il.  1,  p.  224,  \f«vi.  Pbyioclipm.  NotlJsen  n.  etiiiKp 
Jajinn.  PflniizHi.    .Vbbniidl.  d.  Tokio  niilKiikii,  Nn.  10.  ]i.  1.  IS8:{. 

'  PliiKge,  P-  ('.    T.'eber  Androniudotoxln,  ArcJj,  d.  Pbarni.,  vol.  2?1,  l>.  1,  1883. 
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body,  andromedoriibrin.  This  andromedotoxin  gave  no  precipitates 
with  nlkaloidal  reaponts  and  did  not  rediiLf  Fehlinfr's  solution,  but 
gave  certain  color  reactions  and  produced  distinct  and  characteristic 
symptoms  on  injection  into  guinea  pigs  and  frogs — severe  retching, 
which,  however,  is  absent  after  large  doses;  disturbances  of  respira- 
tion ;  convulsions,  and  paralysis. 

The  characteristic  color  reactions  are  as  follows: 

(1)  Concentrated  sulphuric  acid  gives  a  dark  reddish  brown  color 
and  dissolves  it  gradually.  On  wanning  it  becomes  a  deeper  red. 
On  dilution  with  water  this  passes  into  a  light  mulberry-red,  disap- 
pearing with  alkalis  returning  with  HjSO,. 

(2)  Evaporation  with  dilute  H^SOi  (!:•'')  on  water  bath  causes 
rose-red  color.  If  the  body  is  pure  there  is  no  odor,  but  if  not  pure 
there  is  an  odor  of  ericinol,  due  to  the  decomposition  of  ericolin,  an 
attached  body. 

(3)  Dilute  HCl  acts  the  same  as  HjSO,,  only  it  ^ves  a  color  more 
nearly  violet-red, 

(4)  Dilute  phosphoric  acid,  27>  per  cent,  gives  a  mulberry-red  color. 
By  this  means  0.0000005  gram  of  andromedotoxin  can  be  recognized. 

Especial  emphasis  is  laid  on  the  second  and  fourth  reactions." 
Plugge  also  extended  his  studies  to  other  members  of  this  group.  The 
first  of  these  to  be  examined  was  Andromeda  po/t'foUn.  He  made  the 
plausible  claim  that  l>ecause  thechlorofonii  "shaking"  from  the  aque- 
ous extract  freed  from  extraneous  matter  by  lead  gave  the  same  color 
reactions  and  produced  the  same  action  in  animals  as  that  from 
Pieris  japonlca  it  contained  the  same  active  principle,  but  he  admitted 
that  this  body  was  much  less  active  than  the  andromedotoxin  obtained 
■from  Pieris  japonica.  He  explained  this  weakness  as  being  due  to 
the  fact  that  the  plant  was  grown  on  a  different  soil  and  that  the 
active  principle  varied  from  that  of  Pieris  japonira  much  as  the 
active  principle  of  the  various  species  of  Digitalis  and  Aconitum 
vary.* 

In  using  this  method  with  Leucothoe  pateabaei"  Plugge  noted  that 
the  first  six  or  .seven  chloroform  shakings  gave  an  amorphous  residue, 
while  the  seventh  to  the  ninth  gave  a  white  crystalline  body  from 
w!iich  he  obtained  the  characteristic  physiological  action  and  color 
reactions  of  andromedotoxin. 

From  Chamacdaphne  calyculata  he  obtained  some  crystalline  de- 
posit, but  in  this  case  from  the  lack  of  material  was  unable  to 

■  Plugge,  P.  C.  Vorkommen  tod  Andromedotoxin  !n  verschied.  Bricacoeo, 
Arcli.  A.  Pbarm.,  toI.  223,  p.  906,  18S5. 

*  Plugge,  P.  C.  TIebcr  d.  Vorkommen  d.  Andromedotoxin  In  Andromeda  PoU- 
folla.    Arch.  d.  Pharm.,  vol,  221,  p.  81S,  1883. 

"  Plogge,  P,  C,  Vorkommpn  von  Andromedotoxin  la  verBcUed-  '  Erlcaceau 
Arcb.  d.  Pbarm,,  roL  223,  p.  9Q5,  1S85.  -.  . 
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positively  identify  it  as  crystalline  andromedotoxin.  The  material 
obtained  from  this  plant  was  less  active  physiologically  than  that 
obtained  from  Pieria  japonica.  Crystals  were  also  obtained  from 
Azalea  indica. 

In  1887  Plu^e  "  and  his  pupil  de  Zaayer  *  made  a  more  extended 
Htudy  of  the  andromedotoxin  obtained  from  Hhododertdron  ponttcum. 
They  summed  up  the  previous  chemical  work  and  studied  the  a<^ive 
principle  pharmacologically.  They  claimed  that  the  body  shaken  out 
by  the  chloroform  could  be  precipitated  from  alc/>hol  or  chloroform 
solution  by  ether  in  the  form  of  crystalline  needles.  Muto  failed  to 
obtain  these  needles  from  Pieris  japonica,  the  plant  Plugge  first 
worked  with.  This  body  contained  carbon,  hydrogen,  and  oxygen, 
but  no  nitrogen,  and  melted  at  228°  to  229°  C.  Plugge  and  de  ^ayer 
gave  it  the  empirical  formula  Ca,IlB,0,o,  although  the  figures  for 
this  conclusion  were  not  exact.  It  was  readily  soluble  in  water  and 
alcohol,  but  very  slightly  in  ether.  They  stated  that  it  was  more 
Kohible  in  cold  than  in  hot  water,  although  Plugge  elsewhere  states 
the  opposite.  In  water,  alcohol,  and  aniyl  alcohol  it  turns  the  plane 
of  polarization  to  the  left,  while  dissolved  in  chloroform  it  turns  it 
to  the  right.  It  gives  no  precipitate  with  alkatoidal  reagents.  ^Vhen 
subcutaneously  injected,  0.0001  gram  caused  death  in  a  frog  {Sana 
tttnporaria)  in  a  few  hours. 

This  conjoint  paper  apparently  s<i  settled  the  question  as  to  indi- 
cate that  all  that  was  necessary  to  determine  the  presence  of  andro- 
medotoxin  was  to  ascertain  if  the  chloroform  shaliing  from  the  plants 
gave  the  same  physiological  action  and  the  same  color  reaction  as 
(hat  described  for  andromedotoxin.  Plugge  did  this  with  Kalmia 
latifoUa  and  from  its  action  on  frogs  decided  that  the  fluid  extract 
contained  one-half  of  1  per  cent  of  andromedotoxin.  By  this  method 
he  decided  that  andromedotoxin  was  present  in  the  following  plants : 
Pieria  japonica  Thiinb.  fihododpndron  ponfiotim  L, 

Androvicda  poUfolia  L.  ,  HftododcMrtron    chryganlhvm    U 

Leucothoi;  cateebaci  (Walt.)  RJiododcndron  hybridiini  Ker. 

Gray.  Rhododendron  falkoncH  Hook.  t. 

Chaiiiaolaphnc  caljfculata    (L.)  Ithododcndron  maxtmum  U 

MoencL.  Kalmia  l^Hfolia  T. 

mododcndron  orandc  WlBht.  Kalinia  angHnUfoHa  L. 

Rhodadrndron  barbafuni  Wall.  Azaira  indica  I- 

Bkiidodrndron  fulgcm   Hook.  f.  itonairopa  aniflora  L. 

Rhodadendrott  cinnabaHnvm  Pieris  formota  Don. 

Hook.  f.  Pieris  m-aUfolia  Don, 

Rhododendron  puniccum  Bosb. 

*  Plugge,  P.  C.  Ueber  Andromedotoxin.  Arch.  d.  I'barm.,  vol.  221,  p.  12, 
1883. 

*  Zanyer,  H.  G.  de.  UiiterBucli.  il.  Andromedotoxin.  Arch.  t.  igea&m.  Phyaiol., 
vol.  40.  p.  480,  18S7.— PlHgge,  P.  C.  Andromedotoxin.  Verhandl.  d.  X  lotenxaL 
med.  Cong.,  vol.  2,  pt  4,  p.  28,  1881.  '  (  \-)(1Qk~ 
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Phigge  concluded  that  andromedot^xin  van  the  active  principle  of 
the  Ericaceae  in  general. 

Tn  the  case  of  Rhododendron  hirautum,  Plugge  "  found  that  the 
chloroform  shaking  failed  to  produce  any  immediate  symptoms  in 
frogs,  but  three  hours  after  injection  convulsions  with  slight  respira- 
tory disturbance  occurred,  with  the  secretion  of  miiciis  from  the 
mouth.  These  symptoms  completely  disappeared,  differing  from  those 
of  andromedotoxin.  This  extract  gave  no  reactions  with  dilute  or 
concentrated  HCl,  25  per  cent  phosplioric  acid,  and  dilute  H^SO,. 
In  studying  the  distribution  of  andromedotoxin,  Plugge  makes  the 
intpi-esfing  observation  that  concentrated  solutions  of  Erica  vulgaris, 
now  known  as  CaUuna  vulgaris,  injected  subcutaneously  into  frogs 
canse  symptoms  resembling  those  of  andromedotoxin  poisoning,  yet 
chemically  no  trace  of  this  body  could  be  found,* 

Lasche  also  studied  the  action  of  extracts  of  Kalmia  laiifolia  and 
A'.  anguHtifolia  on  animals,  and  corroborated  Plugge's  data,  but 
isolated  no  pure  body  and  made  no  chemical  analysis.  He  used  the 
l»crries  in  his  work." 

JIatusow,''  while  accepting  the  belief  that  andromedotoxin  is  the 
active  principle  of  the  leaves,  says  that  the  chemical  reactions  of  the 
root  correspond  with  those  of  andromedotoxin,  except  with  hydro- 
chloric acid.  He  claims  the  presence  of  calcium,  magnesium,  alumi- 
num, manganese,  and  iron  in  the  roots. 

Archangelsky '  examined  another  member  of  the  Ericaceae,  the 
Rhododendron  chrysanthum,  a  native  of  Siberia,  and  isolated  a  crys- 
talline principle,  rhododendrin,  with  the  empirical  formula  CioH^jOi, 
which  was  inactive  to  frogs,  and  a  crystalline  body,  rhododendrol, 
which  acted  on  frogs  similarly  to  camphor.  He  also  claimed  the 
presence  of  andromedotoxin,  but  did  not  isolate  it.  He  yxamined 
Rhododendron  ponticum  and  obtained  the  same  color  reactions  and 
physiological  reactions  found  by  Plugge  with  andromedotoxin. 

"  Plugge.  P.  C  ADdromeilotoxiiiliaUlge  Erlcaceen.  Arch.  d.  Pharui.,  vol.  '!£>, 
p.  553,  18)1. 

*  PlngRC,  P.  C.  FortgcBetzte  Uatersucli.  (i.  d.  Vcrbrelt.  d.  .\iidromedotoxliis  in 
d.  PaniUie  d.  Kriciiteen.    Arcli.  d.  Pharui.,  vol.  27,  i>.  171,  ISSl), 

"  Lasch^,  A.  J.  II.  Examluatlou  of  Some  of  tbc  I'uleunous  Erlcaceu'  ot  Xortli 
America.    Pliami.  Ilund.,  vol.  7,  p.  208.  ISSO. 

*Matusow,  H.  .Analysis  of  tbe  Hoot  of  Kalmia  I^atlfolla.  Amer.  Jour. 
Pharm.,  vol.  60.  p.  a41,  1807. 

"  Arclian^lxky,  K. .  Uebcr  Rliodndeiiilrol,  Ithododendrlu  uud  Andromedotoxiu. 
Arcii.  f.  es|)er.  Path.  u.  Pliann.,  v»L  46,  p.  313.  ll»l. 
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Hayashi  and  Muto  failed  to  obtain  orystaliine  andr()medotoxin 
from  Pieris  japouica  by  using  Plugge's  method." 

So  it  can  not  be  said  that  the  active  principle  from  monntain  laurel 
has  been  actually  isolated  in  a  pnre  state.  Using  Plugge's  method, 
the  writer  failed  to  obtain  active  crystals  from  mountain  laurel,  but 
obtained  crystals  by  a  ditferent  method,  namely,  from  the  filtrate 
after  ether  precipitation.  PIngge's  principle  is  precipitated  by  ether. 
In  no  case  has  the  writer  found  the  ether  precipitate  physiolopcally 
active,  and  an  ether  extract  of  the  crude  plants  possessi'd  the  to-iic 
action  of  the  plant.  Full  details  (is  to  the  chemical  and  pharmaco- 
logical investigations  will  be  made  later. 

Laboratory  animals,  as  guinea  pigs  and  rabbits,  after  subcutaneous 
injection  show  tearing,  retching,  convulsions,  and  later  paralysis. 
This  physiological  reaction  can  be  used  as  a  guide  in  the  isolation 
of  the  active  principle.    Before  death  in  males  there  is  an  ejection  of 

BBMEDXAX  AOEHTS. 

The  fact  that  slieep  which  have  diarrhea  have  i-ecovered  from  toxic 
doses  of  mountain  laurel  would  suggest  purgative  treatment. 
Farmers  very  commonly  administer  lard  in  this  condition,  and  this 
no  doubt  acts  by  hindering  absorption.  The  use  of  lard  in  laurel 
poisoning  has  been  substantiated  by  the  experiments  of  Thomas,  who 
found  that  the  animals  were  less  liitely  to  become  poisoned  if  lard 
was  administered.  In  case  vomiting  and  purgation  do  not  occur, 
this  result  should  be  encouraged  by  the  usual  agents."  To  induce 
vomiting,  60  milligrams  of  apomorphine  hydrochlorate  may  be  gix-en 
subcutaneously  and  purgation  may  be  encouraged  by  giving  2  to  6 
ounces  (60  to  180  grams)  of  epsom  salts  dissolved  in  water  as  a 
drench.  The  treatment  is  purely  symptomatic  and  no  true  antidote 
is  known. 

It  seems  of  interest  to  ascertain  whether  the  action  on  the  glandular 
secretion  noted  can  not  be  obtained  free  from  great  toxicity  by  a 
change  in  the  chemical  structure  of  the  active  principle. 

UEDICIHAI.  ACTION. 

Thomas  treated  one  case  of  diarrhea  by  ineaus  of  a  decoction  of 
Kalmia  latifolia,  and  the  leaves  have  also  been  used  empirically  in 
the  treatment  of  certain  stages  of  fever.     Locally  an  ointment  has 

"  Hayaehi,  H.,  and  Muto.  K.  TTrbcr  Athnienvcrsuehc  init  etnlgen  Glftm. 
Arch.  t.  exper.  Patli.  u.  Pliarm.,  vol.  47,  p.  220,  1002. 

*  Remarkable  Instance  of  the  Absence  of  iVnimal  InsttiicL    I'euny  Msgazhie, 
vol.  7,  p.  2S3.  1838. 
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been  employed  for  various  forms  of  skin  diseases,  such  as  tinea,  etc., 
but  now  it  has  fallen  entirely  out  of  use.  A  tincture  is  still  used  by 
homeopathic  physicians."  The  only  indications  for  its  use  would  be 
as  a  substitute  for  some  member  of  the  veratrine  or  acotiitine  family. 

"  Boericke  and  Tafel.    Amer.  Homeop,  Pharm.,  ISm,  p.  2T0. 

Note.— Ko/mfai  anguHitolia  U  used  by  the  Cree  Indians  as  a  tonic.  Bui. 
Torrey  Bot.  Club,  vol.  12,  p.  53,  1885. 

XoTK  TO  THE  Second  Edition. — Since  the  publlcatloa  of  thfs  article  It  baa 
t)eeti  learned  that  tLe  leares  used  by  the  experimenter  referred  to  on  \mge  2C, 
footnote  a,  were  examined  by  Prof,  Victor  K,  Cbeannt,  wbose  card  cntnli^ie 
was  found  very  useful  In  preparing  the  hlstorlcnl  portion  of  this  imper,  and 
he  Identified  theui  ns  thom>  of  oleander  and  not  of  mountain  laurel. 
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RESULTS  OF  LOCO-WEED  INVESTIGATIONS 
IN  THE  FIELD." 

By  C.  DwiQiiT  Mabsh,  Expert,  PoUonoui-Plant  lavestigalUmt. 


FIELD  WOBX. 

The  word  "  loco,"  from  the  Spanish,  meaning  crazy,  has  been  ap- 
plied for  a  great  many  years  to  a  disease  of  stock  and  sheep  in  the 
semiarid  region  of  the  West.  There  has  been  a  general  belief  among 
stockmen  that  the  disease  is  caused  by  certain  weeds  known  as  loco 
weeds.  The  name  loco  weed  has  been  applied  to  a  large  number  of 
plants,  but  two  are  considered  especially  obnoxious — Aragalhi» 
lumherti  and  Astragalus  moUiesimus. 

More  or  less  desultory  investigations  by  scientific  men  have  been 
made  on  this  subject,  the  general  result  of  which  has  been  to  imply 
that  the  disease  was  produced  by  some  other  cause  than  the  loco 
plants.  The  Inter  investigations  have  made  it  seem  quite  probable 
that  the  cause  of  the  disease  must  be  sought  in  some  other  direction. 
The  investigations  here  recorded  were  undertaken  to  clear  up  first  of 
all  the  doubt  concerning  the  source  of  trouble. 

The  first  essential  point  was  to  demonstrate  whether  the  loco  weeds 
did  or  did  not  cause  the  disease.  The  work  of  the  first  season,  the 
summer  of  1905,  accomplished  this  demonstration  in  a  very  satisfac- 
tory way.     It  was  clearly  proved  that  Aragalliis  lamberii  would 

*>  li'or  mauf  years  atockmea  of  ttie  plains  east  of  the  Socky  MonntainB  have 
rejiortecl  great  Iobtob  due  to  a  somewtiut  undefluetl  canBe  known  as  "  loco."  It 
bsH  been  estimated  that  the  losses  from  this  source  in  Colorado  alone  have 
renched  the  sum  of  a  mUIIon  (lollars  per  annum.  A  thorough  investigation  of 
the  loco  probleoi  by  the  Bureau  of  Plant  Industry,  both  In  Its  Held  and  labora- 
tory aBi)e<rtB,  was  undertaken  by  the  offlt-e  of  I'olsonous-I'lant  In  vest Ifjat Ions, 
under  the  direction  of  Dr.  Rodney  II.  True,  PbyBlologlst  Id  Charge,  the  field 
work  being  In  the  hands  of  l>r.  C.  Dwight  Mursb,  K.tiwrt.  and  the  laboratorj- 
work  In  those  of  Dr.  Albert  C.  Crawford,  Phnrmacologlat. 

The  Importance  of  the  results  obtained,  toRcther  with  the  fact  that  the  publi- 
cation of  the  rather  e:[tenslve  evidence  accumulated  is  likely  to  be  somewhat 
delayed,  has  made  it  seem  desirable  to  present  at  ouce  a  brief  summary  of  the 
results  <)btalned.— B.  T.  UiixowAV,  VlHef  of  Bureau. 
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poison  horses,  sheep,  and  cattle  and  that  Astragalus  mollissim-us 
would  poison  horses.  Astragalus  moUUsimus  does  not  poison  cattle 
because  they  very  rarely  eat  it. 

The  work  of  the  second  season,  the  summer  of  1906,  was  mainly  de- 
voted to  a  diagnosis  of  the  disease.  The  external  symptoms  de- 
scribed by  stockmen  were  in  general  corroborated.  The  principal 
symptoms  are  the  lowered  head,  rough  coat,  slow,  staggering  gait, 
movements  showing  lack  of  muscular  coordination,  sometimes  more 
or  less  paralytic  symptoms,  a  generally  dise;i!*d  nervous  system,  and 
in  the  later  stages  of  the  disease  extreme  emaciation. 

The  principal  pathological  changes  are  pronounced  anemia  of 
the  whole  system,  diseased  stomach  walls,  and  in  acute  cases  a  con- 
gested condition  of  the  walls  of  the  stomach,  while  in  chronic  cases 
there  ace  frequently  ulcers.  Generally  speaking,  locoed  cattle  have 
ulcers  in  the  fourth  stomach.  There  is  an  excess  of  fluids  in  the 
various  cavities  of  the  body.  This  is  especially  noticeable  in  the 
epidural  space  of  the  spinal  canal.  Here  the  effusion  is  more  or  less 
organized,  presenting  the  appearance  of  a  gelatinous  mass,  which  is 
especially  abundant  in  the  lumbar  region  and  about  the  exits  of  the 
spinal  nerves.  In  most  locoed  females  the  ovaries  are  found  in  a 
diseased  condition. 

The  third  stage  of  the  work  was  the  devising  of  remedial  measures. 
This  was  undertaken  in  the  summei'  of  1907.  This  work  naturally 
had  two  phases,  (1)  attempts  to  eradicate  the  weed  and  (2)  attempts 
to  cure  the  locoed  animals. 

In  regard  to  the  possibility  of  killing  the  weeds,  it  was  found  that 
this  could  readily  be  done  in  the  case  of  fenced  pastures.  This  is 
especially  feasible  with  Astragalus  jnoUissimvs,  because  it  occurs  in 
comparatively  small  patches.  AragaUua  lamherti  has  a  wider  distri- 
bution, but  it  is  not  at  all  impossible  to  destroy  tliis  weed  when  in 
pastures.  There  seems  to  be  no  way  of  ridding  the  ranges  of  these 
weeds,  however. 

In  regard  to  the  second  phase  of  remedial  work,  it  was  found  that 
locoed  cattle  can  in  most  cases  be  cured  by  a  course  of  treatment  with 
strychnine,  while  locoed  horses  can  generally  be  cured  by  a  course  of 
treatment  with  Fowler's  solution.  The  animals  under  treatment 
must  not  be  allowed  to  eat  the  loco  weed  and  .should  be  given  not  only 
nutritious  food  but,  so  far  as  possible,  food  with  laxative  properties. 
To  this  end  magnesium  sulphate  was  administered  to  correct  the  con- 
stipation which  is  almost  universal  among  locoed  animals.  It  should 
be  noted,  too,  that  magnesium  sidplmte  may  .>wrve  to  some  extent  as 
an  antidote  to  the  poison. 

It  may  be  added,  in  regard  to  the  question  of  immunity,  that  loco 
poisoning  comes  on  in  a  slow  and  cumulative  manner,  so  that  there 
is  no  possibility  of  animals  becoming  immune. 


LABORATORY  WORK  ON  LOCO-WEED 
INVESTIGATIONS. 

By  Albebt  C.  Cbawford,  PhnrmacoloffM,  Poimnoun-Plant  Invntigationt. 


SUUMABT  or  LABORATORT  WORE. 

(1)  Conditions  analogous  to  those  found  in  locoed  animals  occur 
in  portions  of  the  world  other  than  the  United  States,  especially  in 
Australia. 

(2)  The  symptoms  described  in  stock  on  the  range  can  be  repro- 
duced in  rabbits  by  feeding  extracts  of  certain  loco  plants.  Those 
especially  referred  to  here  under  the  term  "  loco  plants  "  are  Antra- 
galus  moUissiTrtus  and  AroffoUus  lamberti. 

(3)  The  production  of  chronic  symptoms  in  rabbits  is  a  cnieial 
test  of  the  pharmacological  activity  of  these  plants. 

(4)  It  is  the  inorganic  constituents,  especially  barium,  which  are 
responsible  for  this  poisonous  action,  at  least  in  the  plants  collected 
at  Hugo,  Coio. ;  but  perhaps  in  future  loco  plants  from  other  portions 
of  the  country  may  be  found  to  have  other  poisonous  principles. 

(5)  There  is  a  close  analogy  between  the  clinical  symptoms  and 
pathological  findings  in  barium  poisoning  and  those  resulting  from 
feeding  extracts  of  certain  of  these  plants.  Small  doses  of  barium 
salts  may  be  administered  to  rabbits  without  apparent  effect,  but 
suddenly  acute  symptoms  set  in  analogous  to  those  n^ported  on  the 
ranges. 

(6)  The  administration  of  sulphates,  especially  epsom  salts,  to 
form  insoluble  barium  sulphate  would  be  the  chemical  antidote  which 
would  logically  be  inferred  from  the  laboratory  work,  but  of  neces- 
sity these  sulphates  would  have  to  be  frequently  administered,  and 
their  value  after  histological  changes  in  the  organs  have  occurred 
remains  to  be  settled.  But  the  treatment  of  acute  cases  of  barium 
poisoning  in  man  is  not  always  successful,  even  when  sulphates  com- 
bined with  symptomatic  treatment  are  employed.  The  conditions 
inider  which  sulphates  fail  to  precipitate  barium  must  be  considered. 

(7)  JxHJO  plants  grown  on  certain  soils  are  inactive  pharmaco- 
logically and  contain  no  barium.     In  drying  certain  loco  plants  the 
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barium  apparently  is  rendered  insoluble,  so  that  it  is  not  extracted  by 
water,  but  can  be  extracted  by  digestion  with  the  digestive  ferments. 
To  be  poisonous  the  barium  must  be  in  such  a  form  that  it  can  be 
absorbed  by  the  gastro-intestinal  tract. 

(8)  In  deciding  whether  plants  are  poisonous  it  is  desirable  to 
test  not  merely  the  aqueous  or  alcoholic  extract,  but  also  the  extracts 
obtained  by  digesting  these  plants  with  the  ferments  which  occur  in 
the  gastro-intestinal  tract. 

(9)  It  is  important  that  the  ash  of  plants,  especially  of  those 
grown  on  uncultivated  soil,  as  on  our  unirrigated  plains,  be  examined 
for  various  metals,  methods  similar  to  those  by  which  rocks  are  now 
analyzed  by  the  United  States  Geological  Survey  being  used. 

(10)  It  is  desirable  to  study  various  obscure  chronic  conditions, 
such  as  lathyrism,  with  reference  to  the  inorganic  constituents  of  the 
Lathyrus  and  other  families  of  plants. 
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THE  SOURCES  OF  ARSENIC  IN  CERTAIN 
SAMPLES  OF  DRIED  HOPS." 

By  W,  W.  BtocKKBiemR,  Erpert,  Druff-PUmt  InveHigaHntu. 


UTTBODTTCTION. 

For  sereral  years  considerable  attention  has  been  given  in  England 
to  the  question  of  the  origin  of  the  arsenic  sometimes  found  there 
in  beer.*  Some  wtudents  of  the  question  have  pointed  out  glucose," 
malt,**  and  hops  ■  as  possible  sources  of  this  substance.  The  occasional 
detection  of  minute  quantities  of  arsenic  in  dried  hops  has  furthered 
the  belief  that  hops  should  be  carefully  examined  for  traces  of  this 
undesirable  substance,  a  view  which  finds  partial  support  in  some 
experiments  made  with  hops  dried  by  each  of  tlie  two  processes  used 
in  England.'  In  one  of  these,  known  a.t  the  "  direct "  process,  the 
hops  are  dried  over  open  fires  and  are  thus  exposed  to  all  the  com- 
bustion products  arising  therefrom.  In  the  other,  or  "indirect" 
proces.s,  a  current  of  pure  heated  air  is  caused  to  pass  through  the 

"The  growing  Hiid  cnrlnt;  of  lioiis  has  l>eeii  a  nnbject  of  iiive«tlgatlnn  In  the 
Bureau  of  Plunt  Indiiatrr  durlDfc  the  paM  two  yeara  hy  the  oBlce  of  DniK-Dant 
la  vest  Igat  tone,  under  the  direction  of  Dr.  Rodney  H.  True.  PbyHlolotclSt  In 
Cbarga  The  e^cecutlon  at  tht*  worb  In  bo^h  Qeld  and  laboratory  ban  tH>en 
chiefly  In  the  hnnda  of  Dr.  W.  W.  Rtockbei^er.  Expert.  In  connection  with 
these  Investigations,  that  phuHC  ciiiit'i'rnliig  the  oi-cnri'en<-e  of  iiraentr  hi  hojis 
bas  been  toocbed  upon  with  fruitful  reHultn.  wblrh  are  bere  suinniarlzed.  Since 
tbe  conclusions  reached  have  an  lni)iortant  bearluK  uu  matters  of  conalderable 
economic  lni]>ortBnce.  their  ImmetUate  publication  is  deemed  desirable. — B.  T. 
Qalloway,  Chief  of  Bureau. 

*  Royal  Commission  on  Arsenical  PoiRonIng,  Ix>ndon,  ItMII-liKKt.  Report  of  the 
Medical  Officer  of  Health  for  the  City  of  Ixindon,  No.  «fi. 

"Wlndlscb.  W.  Wochenscbr.  f.  Itrauerel.  vol.  1«.  p.  30.  11(01.— Ilantke.  K. 
I.«tters  on  Brewing,  vol.  1,  pp.  16-21,  1901.— Petemiaun,  A.  Ann.  ScL  Agron.. 
vol.  2.  p.  300,  1!»01. 

0  Chapman,  A.  C.  Analyst,  vol.  20,  p.  10,  llWl.— Falrley,  T.  Analyst,  vol.  2fi, 
p.  177,  1901;  Pharm.  Joiir.,  vol.  05.  |ip.  «34,  7as.  IlKK). 

«  Baker,  J.  U,  and  Dick,  W.  D.    Jour.  Soc.  Cbeni.  Iiid.,  vol.  23,  p.  174, 1004. 

'  Duncan,  C.  County  Analyst's  Annual  Report  to  tbe  Worcestershire  tlounty 
Council.  1905.  Appendix  I,  pp.  22-24.  j—  i 
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hops,  which  do  not  come  into  direct  contact  with  the  gases  or  fumes 
from  the  fires.  From  the  experiments  cited  the  conclusion  is  drawn 
that  hops  dried  by  the  indirect  process  are  arsenic  free." 

It  is  known,  however,  that  traces  of  arsenic  sometimes  occur  in  hops 
which  have  been  dried  by  the  indirect  process,  a  condition  which  has 
been  urged  in  England  as  an  argument  against  the  purchase  of  im- 
ported hops,  thus  rendering  more  difficult  the  sale  abroad  of  those 
grown  in  the  United  States. 

Since  under  the  ordinary  conditions  of  hop  production  in  the 
United  States  there  is  a  surplus  whicli  requires  an  annual  exportation 
of  a  considerable  portion  of  the  crop,*  it  is  highly  desirable  that  this 
product  be  prepared  in  every  way  free  from  deleterious  substances 
which  would  interfere  with  its  sale  and  use  abroad. 

During  a  recent  study  of  the  processes  of  curing  and  sulphuring 
hops "  some  experiments  were  made  to  determine  the  most  probable 
source  of  arsenical  contamination.  The  possible  sources  include  fuels, 
arsenical  sprays,  the  soil,  and  sulphur  both  when  used  in  the  field  to 
destroy  i>ests  and  when  burned  under  the  hops  on  the  kiln  during 
the  drying  process. 

Since  the  open-fire,  or  "  direct,"  process  of  drying  is  never  used  in 
this  country,  and  as  traces  of  arsenic  have  been  found  in  hops  not 
treated  with  insecticides,  only  the  soil  and  sulphur  were  considered 
in  these  experiments,  which,  though  not  fully  complete,  have  yielded 
results  of  so  mucli  importance  to  American  "hop  growers  that  they 
ai-e  here  presented  in  preliminary  form. 

OSIOIN  OF  SAKPLES  OF  BOPS  EXAHINES. 

The  geographical  distribution  of  hops  containing  traces  of  arsenic 
was  first  invewtigated.  Dry  commercial  samples  were  obtained  from 
England,  Belgium,  East  Pnissia  (Altmark),  Bavaria,  Bohemia 
(Saaz),  Britisli  Columbia,  New  York,  Wisconsin,  and  the  Pacific 
coast.  Upon  analysis''  small  quantities  of  arsenic  (1..^  parts  to  the 
million,  or  less)  were  detected  in  samples  from  each  of  the  regions 
just  mentioned.  These  results  indicate  that  hops  from  any  of  the 
hop-growing  districts  of  the  world  may  contain  traces  of  arsenic,  and 
suggest  tlie  necessity  for  the  thorough  examination, of  hops  whatever 


p.  :3. 

-■  StwkberRer.  W.  W.  Faiiiiers'  liiillctin  No.  301,  U.  S.  Dept,  Aj?Ticulture, 
HI07.  in>.  1H-2C. 

'' RM-ept  when  otherwlw  stntptl  nil  unal^sex  for  arsenic  were  made  In  the 
itiirt'nii  <if  ClieiulHtry,  I'littcd  Stattm  DeiMirtuieut  ot  Agriculture. 
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their  geographical  origin,  as  n'ell  a^  Uie  desirability  of  a  careful 
scrutiny  of  the  methodt;  of  cultivation  and  curing  used  abroad,  pw- 
ticularly  those  processes  in  which,  contrary  to  the  American  practMe, 
■hops  are  dried  over  open  fires. 

EXAMINATION  OF  BOP  SOUS. 

Sampler  of  soil  from  a  number  of  American  hop  fields  have  been 
examined  for  arsenic,"  but  in  no  case  has  its  presence  been  detected. 
However,  these  results  do  not  necessarily  j)ro\'e  the  absence  of  arsenic 
from  the  soils  of  the  fields  examined,  since  the  hop  plant  has  a  very 
extensive  and  deep-growing  root  sj'steni  which  might  very  readily 
exploi-e  soil  layers  uni'epresenteti  in  the  samples  taken. 

Since  traces  of  arsenic  have  been  found  in  unsulphiired  hops  grown 
on  .some  of  the  soils  from  which  these  samples  were  taken,  it  may  be 
infen-ed  that  the  samples  were  not  representative  of  the  true  soil 
conditions  as  just  noted  oi-  that  arsenic  may  be  present  in  the  soil  in 
quantities  too  minute  to  be  detected  by  the  ordinary  methods  t>f 
analysis,  the  larger  and  measurable  quantity  in  the  jtlant  being  due 
to  gradual  atx'umulation  during  the  process  of  growth. 

THE  ABSOBPTION  OF  ABSENIC  BY  THE  QBOWINa  PLANT. 

Some  early  authors  held  that  living  plants  did  not  absorb  arsenic,* 
but  numerous  plants  have  been  found  to  contain  this  substiince,'' 
which  was  doubtless  derived  from  the  soil.  Nobbe  *  states  that  only 
a  very  small  quantity  of  arsenic  is  taken  up  by  plants,  though  ac- 
cording to  Angell '  plants  of  rhubarb,  bean,  rye,  and  buckwheat 
accumulate  appreciable  quantities  from  soils  heavily  fertilized  with 
superphosphates.  Davy  '  found  arsenic  in  peas,  cabbages,  and  Swetl- 
ish  turnips  grown  in  soils  mixed  with  superphosphates,  40  per  cent  of 
which  Lyttkins  f  s-tates  contain  arsenic,  in  amounts  varying  from  0.012 
to  0.26  per  cent  as  estimated  by  Stoklasa,*    Collins  *  found  that  barley 

■The  analfslB  of  tbc  soil  samples  was  made  In  the  Bureau  of  Soils.  Uuited 
States  Department  of  Agriculture, 

6  Targionf-TazzettI,  A.  Ann.  Scl.  Nat.,  aet.  3,  vol.  5.  pit.  177-lUl,  ISiC— Dau- 
Ijerry,  Ctas.    Quart.  Jour.  CUom.  Soc„  vol.  14,  pp.  aOU-i'lO,  lsr.2. 

e  I'feffer,  W.    PflanzeDpbj-siologle,  2  ed.,  vol.  1,  pp.  -132-433,  1«I7. 

*  Nobbe,  F.,  Baessler,  I*.,  and  Will,  11.  Ijiudw.  ^'orsiicliatHt.,  vol,  30,  p.  -KO, 
1884. 

"Angell,  A.  and  A.  F.    Cbeni.  and  DruR.,  vol.  GO,  p.  4.10,  1002. 
'  Davy.  E.  W.    Philoa.  MagHKhif,  vol.  ly,  pp.  lOS-11,3,  l.S!>i». 
"Lyttkins,  A.     Kgl.  Landw.  Akad,  Handl..  vol.  33,  pp.  317-320.  1804. 

*  Stoklasa,  J.    Ztschr.  Landw.  Versuch.  Oiwlerr.,  vol.  1,  p.  154,  1898. 
'  ColUna,  S.  H.    Jonr.  Soc.  Chem.  lad.,  vol.  21,  pp.  221i-223,  1902, 
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grown  on  soils  containing  arsenic  may  accumulate  large  amount- 
of  this  element,  most  of  which,  »s  hat>  been  further  shown  by  pot  ex- 
periments," occurs  in  the  barley  grains.  Likewise,  Gosio  *  records  the 
accumulation  of  arsenic  in  the  leaves,  stems,  and  fruits  of  squash 
plants  which  had  been  watered  with  dilute  arsenic  solutions. 

In  order  to  test  the  capability  of  the  hop  plant  to  take  up  arsenic 
from  the  soil,  two  adjoining  plata  of  sixty  hills  each  were  selected 
in  a  hop  yard  and  from  May  24  to  August  5,  1907,  the  alternate  hills 
of  one  plat  were  watered  weekly  with  solutions  ^f  arsenious  acid 
and  those  of  the  other  with  solutions  of  arsenic  acid.  Each  solution 
was  made  up  in  five  different  strengths,  the  arsenious  acid  ranging 
fi-oni  0.01  to  1  per  cent  and  the  arsenic  acid  from  1  to  3  per  cent. 
Solutions  of  each  acid  were  then  applied  to  fifteen  groups  of  two 
hills  each  in  amounts  so  regidatcd  as  to  form  a  gradually  increasing 
series.  In  this  way  the  total  amount  of  arsenious  acid  administered 
to  the  plants  of  eacli  hill  ranged  from  one-tenth  of  an  ounce  to  'M 
ounces  and  the  arsenic  acid  from  2  to  20  ounces  to  each  hill.  A\nien 
the  hops  were  mature,  thase  from  each  group  of  two  hills  which  had 
received  the  same  treatment  were  gathered  separately,  dried  without 
sulphur,  and  prepared  for  chemical  examination. 

Upon  analysis  traces  of  arsenic,  from  0.5  to  3  parts  per  million, 
■  were  found  hi  each  sample  examined.  "WTiile  the  amount  of  arsenic 
in  various  samples  was  not  in  direct  proportion  to  the  amount  admin- 
istered to  the  plant,  the  balance  of  evidence  is  in  that  direction. 
Necessarily  the  experimental  error  is  very  large,  but  when  due  allow- 
ance is  made  for  it  the  results  warrant  the  conclusion  that  hops  will 
take  up  from  soils  containing  available  arsenic  amounts  relatively 
proportional  to  the  quantity  contained  therein. 

nCPnilE  SULPHVB  AS  A  SOITBCZ   OF  ABSENIC. 

That  the  .sulphur  used  in  sulphuring  hops  frequently  contains 
.■imall  quantities  of  arsenic  is  quite  generally  known  and  has  been 
suggested  as  the  soui-ce  of  tlie  arsenic  occasionally  found  in  dried 
hops.'"  However,  analysis  of  the  different  grades  of  sulphur  in  com- 
mon use  indicates  that  from  the  quantities  applied  in  most  ca-ses  suf- 
ficient arsenic  would  not  be  produced  to  account  for  the  traces  some- 
times found  in  hops,  provided  it  was  uniformly  distributed  through 
them.  Analysis  shows  that  there  is  often  wide  variation  in  the 
amount  of  arsenic  contained  in  samples  drawn  from  different  bales 

«  County  Cttuuclls  Cumberland,  etc.  Tecli.  BducaUon  Kept.,  vol.  XO,  pp.  1-121, 
125-150.  1901. 

»  Goslo,  B.  AtU  r.  Accad.  Llncel,  vol.  16.  pp.  730-731.  IflOG :  abstract  In  C«itW. 
Bak.  Par.  u.  Infek.,  part  2,  vol.  18,  pp.  724-725,  lilOi. 

"Rflffer.  E.     Woebenechr.  L  Brauerei,  vol.  18,  p.  109,  IttM, 
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of  the  same  lot  ia  which  all  the  hops  were  grown  and  dried  under 
practically  the  same  conditions,  and  also  in  samples  drawn  from  dif- 
ferent portions  of  one  and  the  same  bale. 

This  apparent  contradiction  may  be  explained  on  the  assumption 
that  the  arsenic  volatilized  by  the  burning  of  the  sulphur  is  deposited 
on  the  layers  of  hops  next  the  floor  of  the  kiln  while  the  upper  layers 
remain  practically  free.  To  test  this  theory,  a  series  of  experiments 
was  made  with  a  small  kiln  in  which  different  lots  of  hops  were  sepa- 
rately exposed  to  the  fumes  of  equal  amounts  of  the  different  grades 
of  sulphur,  after  which  samples  were  carefully  taken  from  the  top 
and  bottom  layers  before  the  hops  were  removed.  The  experiment 
was  repeated  with  double  the  quantity  of  each  grade  of  sulphur  used 
before.  For  comparison,  a  certain  quantity  of  arsenious  oxid  was 
added  to  the  sulphur,  with  which  a  final  lot  was  treated. 

The  preliminary  results  of  these  experiments  fully  support  the 
theory  that  arsenic  may  be  transferred  from  sulphur  to  hops  and 
unequally  distributed  therein.  The  analysis  of  the  samples  shows 
in  practically  every  case  a  very  appreciaiile  difference  between  the 
amounts  of  arsenic  deposited  in  the  upper  and  lower  layers  of  the 
hops.  The  evidence  further  indicates  that  the  greater  portion  of  the 
arsenic  is  deposited  in  the  bottom  layer.  The  variation  in  tlie  results 
obtained  with  the  different  grades  of  sulphur  was  less  than  was  an- 
ticipated, since  each  grade  apparently  increased  materially  the  arsenic 
content  of  the  hops. 

Although  each  test  was  repeated,  using  double  the  amount  of  sul- 
phur, the  relative  proportion  of  arsenic  present  was  not  constant. 
However,  the  results  indicate  that  a  larger  arsenic  content  may  be 
expected  when  the  proportion  of  sulphur  used  is-iucreased. 

The  samples  from  the  last  experiment,  in  which  arsenious  oxid  (the 
white  arsenic  of  commerce)  was  added  to  the  sulphur,  contained  rela- 
tively large  quantities  of  arsenic,  twelve  times  as  much  being  found 
in  the  hops  of  the  bottom  layer  as  in  those  of  the  top  layer. 

CONCLUSIONS. 

From  the  foregoing  experiments  the  following  conclusions  are 
drawn; 

(1)  Traces  of  arsenic  may  occasionally  be  foynd  in  dried  hops 
irrespective  of  their  geographical  origin. 

(2)  If  available  arsenic  is  present  in  the  soil  it  may  \k  taken  up 
by  the  hop  plant  under  favorable  conditions. 

(3)  Except  in  rare  cases  the  amount  of  arsenic  derived  from  the 
soil  by  the  hop  plant  is  probably  smaller  than  0.01  giain  per  pound 
of  dry  hops,  which  is  the  smallest  amount  regarded  as  deleterious  by 
the  Koyal  Commission  on  Arsenical  Poisoning  in  England. 
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(4)  By  the  use  of  impure  sulphur  during  the  process  of  curing, 
hops  may  be  contaminated  with  arsenic,  which  will  be  concentrated 
in  the  lower  layers  on  the  kiln  floor  with  the  result  that  certain  sam- 
ples may  show  an  amount  greater  than  0.01  grain  per  pound. 

(5)  The  probability  of  hops  acquiring  arsenic  from  what  seems  to 
be  a  very  ready  source  may  be  mucli  lessenetl  by  employing  only  the 
vei-y  highest  grades  of  purified  sulphur  in  hop  curing,  and  the  quan- 
tity used  should  be  reduced  to  the  lowest  possible  limit. 
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APPLE  LEAF-SPOT  CAUSED  BY  SPHAE- 
ROPSIS  MALORUM. 

By  W.  M.  BcoiT,  Patholoffitt,  and  Jahbs  B.  Bobeb,  Amtant  PailioloffuC, 
Jnvettigalunu  of  Daeata  of  Fraili.    , 


INTBODUCnON. 

The  disease  of  apple  leaves  known  as  "  brown-spot,"  "  frog-eye," 
"  leaf-blight,"  or  "  leaf-spot  "  is  very  cominon  throughout  the  eastern 
United  States.  As  these  names  suggest,  the  disease  is  characterized 
by  circular  or  irregular  reddish  brown  spots  with  slightly  raised 
purplish  margins.  (PI.  Ill,  fig.  1.)  These  spots  when  first  visibla 
to  the  naked  eye  are  very  minute  and  purple,  but  rapidly  increa.se  in 
size  until  they  attain  a  diameter  of  from  one-eighth  to  one-half  inch, 
while  the  affected  tissue  becomes  brown  and  later  sometimes  gray. 
The  mature  spots  are  usually  .circular,  but  after  midsummer  may  be- 
come more  or  less  irregular  or  distinctly  lobed  in  outline,  a  condition 
apparently  brought  about  by  a  secondary  extension  of  the  disease 
from  two  or  more  points  on  the  margii?  of  the  original  circular  spot. 
If  the  infection  is  bad,  a  number  of  spots  may  coalesce  and  form 
large  brown  patches  involving  half  the  leaf  or  more,  but  in  these 
dead  areas  the  margins  of  the  individual  spots  usually  remain  distinct. 

These  spots  should  not  he  coufused  with  those  produced  on  apple 
leaves  by  the  apple-blotch  thyllosticta.  The  latter  are  yellowish  and- 
minute,  never  more  than  one-sixteenth  of  an  inch  in  diameter,  and 
will  not  be  considered  in  this  paixsr. 

I^eaf-spot  is  of  greater  economic  importance  than  is  generally  sup- 
posed. It  makes  its  first  appearance  early  in  the  spring  as  the  leaves 
are  unfolding,  and  infections  take  place  continuously  throughout  the 
growing  season.  As  a  result  of  its  attacks  trees  may  become  com- 
pletely defoliated  from  six  weeks  to  two  months  before  the  normal 
period  of  leaf  fall.  If  this  is  repeated  for  a  series  of  years,  the  trees 
become  weakened  and  the  life  of  the  whole  orchard  is  materially 
shortened.     Moreover,  the  fruit  from  such  prematurely  defoliated 
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trees  is  small  and  of  poor  quality,  and  the  fruit  buds  must  necessarily 
go  into  the  dormant  stage  in  a  rather  immature  condition,  often  re- 
sulting in  a  partial  or  complete  failure  of  the  next  year's  crop. 

CAUSE  OF  LEAF-SPOT. 

Considerable  confusion  has  existed  as  to  the  cause  of  this  leaf- 
spot  disease.  Though  iu>  inoculation  experiments  have  been  reported, 
the  disease  has  generally  been  conceded  to  be  of  fungous  origin  and 
has  commonly  been  attributed  to  Phylloitwta  pirina  Sacc.,  and  less 
commonly  to  Phyllosticta  limitata  Pk.  and  SphaeYopsis  maloruni  Pk., 
while  species  of  Hendersraiia,  Festalozzia,  and  other  fungi  have  been 
reported  as  occurring  on  the  diseased  areas. 

The  disease  in  its  economic  aspect  was  first  mentioned  by  Alwood  '  " 
in  1892,  when  he  described  a  "  brown-spot "  of  apple  foliage  and  re- 
ported a  serious  outbreak  in  the  Virginia  orchards  during  the  preced- 
ing summer.  He  attributed  the  trouble  doubtfully  to  PhyUoaticta 
•pirina. 

In  1895  Kinn^ '  cited  the  same  fungus  as  the  cause  of  apple  and 
pear  leaf-spots  in  Rhode  Island. 

Stewart,'  in  1896,  reported  a  serious  outbreak  of  leaf-spot  on  Ixng 
Island  caused  by  an  undescribed  fungus  which  Peck  named  Phyl- 
losticta  limitata. 

In  1898  Alwood '  again  recorded  the  common  occurrence  of  Pkyl- 
losticta  pirina  on  leaf  spots,  but  found  Sphaeropsia  malorum,  Pk.  and 
Hendersonia  malt  Tliiim.  associated  with  it. 

Lamson,'  in  1899,  gave  Pkyllmticia  pirina  as  the  cause  of  "  brown- 
spot  "  of  apple  foliage  in  New  Hampshire,  while  Corbett,"  in  1900, 
described  a  "  brown-spot,"  or  "  frog-eye,"  in  West  Virginia  due  to 
the  same  fungus. 

In  1902  Stewart  and  Eustace  ^  questioned  the  para.sitism  of  Phyt- 
loaticta  pirina  and  P.  limitata.  In  their  opinion  "  at  least  a  large 
part  of  the  so-called  apple  leaf-spot  is  due  to  spray  injury  and  weather 
conditions  and  not  to  fungous  origin."  They  suggest  that  the  fungi 
in  question  live  saprophytically  on  leaves  injured  by  Bordeaux  mix- 
ture and  arsenical  sprays,  or  in  the  case  of  unsprayed  trees  on  leaf- 
spots  which  are  in  some  way  the  result  of  atmospheric  influences.  A 
possible  explanation  for  the  formation  of  the  spots  is  "  when  a 
shower  is  followed  by  bright  sunshine,  drops  of  water  en  the  leaves 
act  as  lenses  and  concentrate  the  sun's  rays  to  such  an  extent  as  to 
overheat  the  tissues  underneath." 

In  1902  Clinton*  recorded  Sphaeropais  malorum  as  the  cause  of 
brownish  spots  on  apple  leaves  in  Illinois  "  much  like  those  of  the 

.  "The  serial  numbers  used  In  Oils  papbr  refer  to  tbe  bibllcvnipb]r,  wUcb  will 
be  found  on  page  54. 
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leaf-Spots  or  Phyllostictae  fungi,  but  are  apt  to  be  more  irregular 
and  larger."  The  same  author,"  in  1903,  stated  that  moat  of  the  apple 
leaf-spot  troubles  in  Connecticut  were  due  to  this  same  fungus. 

Stone  and  Smith,'"  1903,  in  accounting  for  a  serious  outbreak 
which  occurred  in  Massachusetts  the  previous  year  say  "  there  can 
be  no  reasonable  doubt  that  frost  was  the  destructive  agency."  They 
observed  that  the  spotting  of  the  leaves  continued  throughout  the 
summer,  and  that  even  as  late  as  August  spots  as  a  result  of  spring 
frost  developed  on  leaves  which  had  not  previously  shown  the  injury. 

Sheldon,"  in  1907,  transferred  the  fungus  Phyllogticta  pirina  Sacc. 
to  the  genus  Coniothynum  on  account  of  the  dark  color  of  the  spores 
and  proposed  the  name  C'oniothyrimn.  pirina  (Sacc.)  Sheldon.  From 
an  examination  of  herbarium  material  and  fresli  specimens  from  dif- 
ferent parts  of  the  eastern  United  States  there  is  no  doubt  that  the 
fungus  commonly  called  Phyllosticta  piritui  in  this  country  is  a  Coni- 
othyrium.  Apparently  mature  spores  from  a  European  specimen  of 
FkyUoHticta  pinna  in  the  herbarium  of  the  Department  of  Agricul- 
ture are  hyaline  and  ellipsoid,  agreeing  with  the  original  description 
of  Saccardo,'*  so  that  his  species  may  prove  to  be  autonomous. 

la  ^iew  of  the  conflicting  statements  and  apparent  uncertainty  as 
to  the  cause  of  apple  leaf-spot,  the  writers  during  the  summer  of 
1906  and  1907  made  a  study  of  the  disease  in  connection  with  demon- 
stration spraying  work  in  the  Ozarks.  It  was  found  that  Sphaerop- 
sin  malorum,  contrary  to  the  general  belief,  is  the  cause  of  the  disease. 

CULTUBAL  SIT7SIEB. 

A.  someirhflt  cursory  examination  of  a  large  amount  of  leaf-spot 
material  collected  in  ArkanKas  during  1906  idiowed  that  there  was  no 
one  fungus  which  A-uited  constantly  <m  the  t^ots.  The  pycnidia  of 
Coniothyrivm  pirina  (Sacc.)  Sheldon  were  found  perhaps  more 
commonly  than  any  other,  but  two  species  of  Pestaloezia  and  one 
each  of  Ooryneum,  Hendersonia,  and  Altemaria  occurred  frequently, 
while  occasionally  the  pycnidia  of  Sphaeropuvt  Tnalorum  and  h  spe- 
cies of  Septoria  were  met  witli.  The  same  was  true  of  specimens 
received  from  Missouri,  NebrasJca,  New  York,  Maryland,  Virginia, 
and  West  Virginia.  Pure  ctiltures  of  all  of  these  fungi  were  easily 
obtained  by  the  poured-plate  method.  AH  grew  well  and  fruited 
abundantly  on  apple  agar  or  sterilized  apple  wood. 

In  the  early  part  of  the  season  of  1007  cultures  were  obtained  from 
leaf  spots  by  a  somewhat  different  method.  During  the  first  spring 
outbreak  of  the  disease,  spots  of  various  sizes,  together  with  a  little 
of  the  surrounding  healthy  tissue,  were  cut  from  the  leaf  and  placed 
in  a  solution  of  mercuric  chlorid  (1-1,000)  for  two  or  three  minutes. 
The  bits  of  leaf  were  then  thoroughly  washed  in  sterile  wat^  and 
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transferred  to  rilaiited  appli^  or  potato  agar.  The  writers  separately 
made  many  sets  of  cultures  by  this  mctliod,  using  spots  from  leaves 
of  Ben  Davis,  Winesap,  and  White  Pearmain  trees.  Within 
a  few  days  by  the  aid  of  a  hand  lens  hyphat  could  be  seen  growing 
out  from  the  center  or  margins  of  the  small  spots.  Mycelium  devel- 
oped rapidly  and  in  about  two  weeks  spores  were  formed,  so  that 
the  fungi  could  be  identified.  The  results  were  uniformly  the  same. 
In  all  cases  in  which  the  youngest  spots,  that  is,  those  one-sixteenth 
of  an  inch  or  less  in  diameter,  were  used,  the  .fungous  growth  was  a 
pure  culture  of  SphaeropKts  malonim  Pk.  In  cultures  made  from 
the  older  spots,  in  which  tlie  central  tissue  had  become  brown,  some- 
times a  pure  Kphaeropsis  was  obtained,  but  more  often  a  mixture  of 
things.  Coniothyriiim  pirina  developed  about  as  commonly  as 
Sphaeropsis,  both  species  often  growing  from  the  same  spot.  In 
addition  to  these  two  fungi,  two  species  of  Alternaria,  a  Cladospo- 
rium,  bacteria,  and  yeasts  were  frequently  present. 

This  cultural  work,  frequently  repeated,  gave  evidence  tliat  Sphae- 
ropsis maloruin,  always  developing  from  the  youngest  spots,  was  the 
specific  cause  of  the  disease  and  that  the  other  organisms  were  mere 
concomitants.  Of  course,  to  prove  this  inoculation  experiments  were 
necessary.  These  were  made  as  soon  fls  pure  fruiting  cultures  of  the 
different  fungi  were  obtained. 

INOCnLATION  EXPEBUENTS. 

A  number  of  different  sets  of  inoculations  were  made,  but  the 
method  of  procedure  was  the  same  in  each"  case.  With  a  sterile 
needle  the  fruiting  fungus  was  scraped  from  the  surface  of  the  agar 
and  transferred  to  a  tube  of  sterile  water.  In  cases  where  pycnidia 
were  present  these  were  crushed  against  the  sidtf  of  the  tube  with  a 
sterile  glass  rod  to  set  free  the  spores.  In  order  to  ascertain  the 
presence  of  mature  spores  a  hanging  drop  of  the  fluid  was  always 
examined  microscopically.  Tliis  si>ore-be8ring  liquid  was  then 
sprayed  on  both  surfaces  of  clean  young  leaves  with  an  atomizer. 
Trees  in  more  or  less  isolated  young  orchni-ds  were  selected,  and  no 
two  fungi  were  used  on  the  same  tree.  From  20  to  40  leaves  on  two 
or  three  different  shoots  were  in\olved  in  each  inoculation.  Checks 
were  always  made  on  separate  trees  by  spraying  40  or  50  leaves  with 
sterile  water. 

The  first  inoculations  were  made  on  May  28,  1907.  The  fungi 
used  were  Sphaeropsis  maloruin,  and  the  undetermined  species  of 
Coryneum,  Ilendersonia,  and  Alternaria  previously  mentionetl.  It 
was  raining  at  the  time  and  the  weather  continued  wet  for  several 
days. 
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On  June  3, 190T,  purple  specks  were  appearing  on  the  leaves  which 
had  been  inoculated  with  Sphaeropsis,  and  on  June  18  these  leaves 
were  iiadly  affected  with  leaf-spot.  (PI.  Ill,  fig.  2.)  On  a  twig 
bearing  30  leaves,  12  showed  a  dozen  or  more  well-developed  spots, 
and  a  few  of  these  leaves  had  from  80  to  90  spots  each.  Twelve  other 
leaves  on  the  same  branch  had  from  2  to  10  spots  each,  while  only 
6  remained  free  from  the  disease.  On  another  branch  12  out  of  20 
leaves  were  badly  affected. 

With  the  exception  of  an  occasional  spot,  evidently  resulting  from 
natural  infection,  the  leaves  sprayed  with  spores  of  the  other  fungi, 
as  well  as  those  sprayed  with  sterile  water  as  a  check,  remained  free 
from  the  disease. 

Another  experiment  was  made  on  June  19, 1907.  Spores  of  Sphae- 
ropsis TTialofum,  Coniothyyium  pirina,  Coryneum,  and  Altemaria  were 
used.  The  work  was  done  at  sunset  following  a  shower,  so  that  the 
leaves  were  wet.  Again  the  leaves  inoculated  with  the  spores  of 
Sphaeropsis  malorvm  soon  became  badly  affected  with  the  character- 
istic leaf-spot  disease,  while  the  others,  including  the  checks,  devel- 
oped no  more  than  an  occasional  spot. 

Another  test  was  made  with  Sphaeropsis  alone.  The  young  leaves 
of  a  2-year-old  tree  were  inoculated  during  a  period  of  dry  weather 
in  mid-June.  Tlie  spores  were  sprayed  on  the  leal'es  at  about  10 
o'clock,  while  the  sun  was  shining  brightly.  At  the  same  time 
sterile  water  was  sprayed  on  t!ie  leaves  of  an  adjacent  tree  as  a  check. 

Though  no  rain  fell  for  at  least  si.\  days  after  the  spraying  was 
done,  numerous  purple  .-ipecks  began  to  appear  on  the  inoculated 
leaves  within  a  week  and  soon  developed  into  the  characteris-tic  brown 
spots.  A  few  spots,  never  more  than  one  to  a  leaf,  appeared  on  the 
checks.  The  mature  spores  of  Sphaeropsis  germinate  so  rapidly  that 
in  dry  weather  tlie  dews  provide  sufficient  nioistui-e  for  leaf  inf™- 
tion,  as  indicated  by  this  experiment. 

Inoculations  made  on  June  20,  1907,  with  Spluieropiria  tiinlorum, 
Coryneum,  and  Altemaria  gave  results  similar  to  those  previously 
recorded  for  these  fungi.  From  20  to  50  spots  developed  on  each  of 
the  leaves  inoculated  witli  Sphaero(>Kis,  while  only  a  few  scattered 
spots  occurred  on  tlie  leaves  of  the  clieck  and  on  those  sprayed  with 
spores  of  the  other  fungi.  ^ 

On  August  4,  1907,  inoculations  with  Coniothyrium  were  again 
tried.  Leaves  on  rapidly  growing  2-yoar-old  IJen  Davis  trees  in  a 
nursery  were  used.  The  spores  wei-e  (ibtained  from  a  fivsh  culture 
and  were  so  numerous  that  tliey  clouded  the  liquid.  The  work  was 
done  during  a  light  shower  and  some  ruin  fell  the  ne.xt  day. 

The  same  exp<^riment  was  repeated  on  the  evening  of  August  14, 
1907.  Though  it  did  not  rain  at  this  time  the  trees  were  wet  down 
with  sterile  water  on  the  following  night.  .  (^~(ii>o|c 
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Again,  on  August  21,  1907,  this  same  fungus  was  used  for  inociUa- 
tiiMis,  which  were  made  in  the  evening  just  after  a.  heavy  rain.  For 
the  next  two  dayti  the  aky  was  overcast  and  occasiwuil  showers  fell. 

The  results  of  these  three  setii  of  inoculations  with  Coniothyrium 
were  negative.  Spots  were  found  here  and  there  on  the  inoculated 
leaves,  but  no  more  than  on  the  checks 'which  were  sprayed  with 
sterile  water.  Similar  ^;>ots,  never  more  than  two  to  a  leaf,  were 
foimd  throughout  the  nursery  at  this  time  and  were  evidently  pro- 
duced by  a  natural  infection  with  Sphaeropais. 

coaroLusioNS. 

The  following  conclusions  may  be  drawn  from  the  results  of  the 
inoculation  experiments  described  in  the  preceding  pages : 

Spkaeropsis  matorum  Pk.,  the  black-rot  fungus,  is  parasitic  on 
apple  leaves,  producing  circular  (or  irregular)  reddish  brown  spots 
an  eighth  of  an  inch  or  more  in  diameter,  and  is  undoubtedly  the 
cause  of  the  apple  leaf-spot  disease  which  occurs  in  the  middle  West. 
The  common  apple  leaf-spot  disease  of  the  Eastern  States,  being  so 
similar  in  every  respect,  is  doubtless  caused  by  the  same  fungns, 
althou^  some  other  fungi  may  possibly  produce  similar  spots. 

Coniothyrium  pinna  (Sacc.)  Sheldon,  although  it  oecnrs  abun- 
dantly on  apple  leaf-spots,  appears  to  have  nothing  to  do  with  their 
formation. 

The  several  other  fungi  that  were  tested,  such  as  Henderaonia  sp., 
Coryneum  sp.,  Peittalozziu  sp.,  and  Altenutria  sp.,  proved  to  be  non- 
parasitic in  these  experiments  and  probably  occur  on  leaf  spots  only, 
a^  saprophytes. 

SOUSCE  OF  IHl'SCTION. 

SphneropinK  waTorttm  is  perhaps  the  most  common  fungus  that 
inhabits  pome-fruit  orchards  east  of  the  Rocky  Mountains.  It  is  the 
cause  of  the  black-rot  of  the  apple,  the  pear,  and  the  quince  and  pro- 
duces cankers  on  trunks  and  branches  of  tliese  fruit  trees.  It  occurs 
abundantly  on  dead  twigs  and  bi'anches  in  nearly  every  orchard,  pro- 
ducing spores  in  enormous  numbers.  This  is  perhaps  the  most  fertile 
souite  of  infection  for  both  fruit  and  foliage.  In  old  orchards,  par- 
ticularly where  pruning  is  neglected,  the  leaf-spot  disease  is  mneh 
worse  than  in  young  orchards.  Tlie  leaves  of  young  trees  adjacent 
to  an  old  orchanl  become  niore  spotted  with  the  disease  than  those 
farther  removed.  Another  source  of  infection  is  the  diseased  fniits 
of  the  previous  year's  crop.  Although  the  fungus  fruits  only  spar- 
ingly on  leaves  on  the  ti"ee,  it  produces  fei-tile  pycnidia  in  consi<Ier- 
able  numbei-s  on  these  leaves  after  they  have  fallen  to  the  ground. 
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Fia.  1 ,— Unsphaved  Wimesap  Trees  Defoliated  bv  the  Leaf-spot  Disease. 


Fio.  2.— Spraved  Winesap  Trees  in  Full  Foliage.  Located  in  the  Same  Orchard 

AMD  PMOTOORAPHED  at  THE  SAME  TIME  (OCTOBER   19.  1906)  AS  THOSE  SHOWN  IN 
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TREATMENT. 

Since  1892,  when  Alwood  "  first  recommended  Bordeaux  mixture 
as  a  preventive  for  apple  leaf-spot,  other  writers  have  advocated  the 
same  method  of  treatment.  The  preventiwi  of  this  disease  has  been 
one  of  the  most  striking  results  of  various  spraying  experiments  and 
demonstrations  conducted  by  the  Bureau  of  Plant  Industry.  Waite, 
in  1901,  in  connection  with  bitter-rot  experiments  in  Virginia,  con- 
trolled the  disease  with  two  applications  of  Bordeaux  mixture.  His  < 
recommendations  in  Farmers'  Bulletin  No,  243,  p.  19,  are  based  upon 
this  work.  Similar  results  were  obtained  by  Scott  '*  in  Virginia  in 
1905.  In  the  spraying  demonstrations  in  the  Ozarks  during  1906  and 
1907  the  writers  found  that  the  spraying  ordinarily  necessary  for  the 
protectiMi  of  the.  fruit  from  fungous  attacks  "  will  usually  control  this 
leaf  trouble  without  any  additional  treatment.  During  both  seasons 
unsprayed  trees  were  shedding  their  leaves  by  August  1  and  were 
completely  defoliated  by  the  middle  of  September,  while  the  sprayed 
trees  remained  in  full  foliage  until  the  first  killing  frost.  (Compare 
PI.  IV,  figs.  1  and  2.)  In  addition  to  the  injurious  effect  upon  the 
trees  this  premature  defoliation  caused  the  fruit  to  be  smalt  and  of 
poor  quality  as  compared  with  that  from  sprayed  trees.  An  average 
barrel  of  Wiiiesaps  from  sprayed  trees  contained  612  apples,  while  ■ 
731  from  unsprayed  trees  in  adjacent  rows  were  required  to  fill  a 
barrel. 

For  the  control  of  this  disease  alone,  without  reference  to  the 
diseases  of  the  fruit,  an  application  of  Bordeaux  mixture  should  be 
made  in  the  spring  a  week  or  ten  days  after  the  petals  have  fallen,  a 
second  application  four  weeks  later,  and  m  third  about  four  weeks 
after  the  second.  Thi-ee  applications  are  necessary  only  in  exceed- 
ingly wet  seasons  in  sections  where  the  disease  is  severe.  Ordinarily 
two  treatments,  one  about  three  weeks  after  the  petals  are  off  and  the 
other  four  or  five  weeks  later,  are  sufficient. 

A  weak  Bordeaux  mixture,  such  as  'A  pounds  of  copper  sulphate  and 
8  pounds  of  lime  to  50  gallons  of  water,  is  effective  in  controlling  this 
disease,  Bordeaux  mixture  of  full  strengtli  not  being  required.  * 

■  For  a  combiDatlou  tn>atment  for  tlio  Imf-spot  Oiapase,  the  dlaeaBes  of  the 
fruit,  and  tli*'  oodlliis  urntli,  seo  FaniMTH'  Bulletin  No.  283,  pi).  41-^2. 

^ViiT  varlouH  furuiiilaM  anil  iiii^tlitKlH  of  preinirlug  Bordeaux  mixture,  sc^e 
Farmers'  Bulletin  No.  24;t,  pi>.  5-10. 
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THE  IMMUNITY  OF  THE  JAPANESE  CHESTNUT 
TO  THE  BARK  DISEASE. 

By  Ha  TEN  Metcalf,  Palhologitl  in  Charge  of  Hit  Laboratory  of  Forett  Pathology. 


TBS  BZTENT  OF  THB  BARK  DISBABE. 

The  bark  disease  of  the  chestnut,  catised  by  the  fungua  Diaporike 
paragitica  Murrill,  has  spread  rapidly  from  Long  Island,  where  it  was 
first  observed,  and  is  now  reported  from  Connecticut,  Massachusetts, 
Vermont,  New  York  as  far  north  as  Poughkeepsie,  New  Jersey,  Penn- 
sylvania, and  possibly  Delaware.  It  is  no  exaggeration  to  say  that  it 
is  at  present  the  most  threatening  foreet-tree  disease  in  America. 
Unless  something  now  unforeseen  occurs  to  check  its  spread,  the  com- 
plete destruction  of  the  chestnut  orchards  and  forests  of  the  country,  or 
at  le-asrtr  of  the  Atlantic  States,  is  only  a  question  of  a  few  years'  time. 

AN  IianTNX  VAEEBTr. 

Observations  made  by  the  writer  during  the  past  year  indicate  that 
all  varieties  and  species  of  the  genus  Castanea  are  subject  to  the 
disease  except  the  Japanese  varieties  {Castanea  crenata  Sieb.  and 
Zucc).  All  of  the  latter  that  have  been  observed  in  the  field  or 
tested  by  inoculations  have  been  found  immune.  This  fact  can 
hardly  fail  to  be  of  fundamental  importance  to  the  future  of  chestnut 
nut  culture.  Although  the  nuts  are  distinctly  inferior  in  fiavor  to  the 
European  varieties,  such  as  Paragon,  the  Japanese  chestnut  is 
already  grown  on  a  large  scale  as  a  nut-producing  tree.  There  are, 
however,  many  trade  varieties  of  dubious  origin.  Some  of  these 
may  prove  later  to  be  subject  to  the  disease.  Immunity  tests  of  all 
known  varieties  of  chestnuts  have  been  undertaken. 

Attempts  will  also  be  made  to  hybridize  the  Japanese  with  Ameri- 
can and  European  varieties,  with  the  hope  of  combining  the  immunity 
of  the  former  with  the  desirable  qualities  of  the  latter. 

However  excellent  as  a  nut  an<l  ornamental  tree,  the  value  of  the 
Japanese  chestnut  as  a  forest  tree  is  doubtful.  It  can  be  recom- 
mended  only   experimentally    at   present   iox   forest   planting.     It 
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certainly  will  not  take  the  place  of  the  American  chestnut.  The 
tree  is  said  to  attain  a  height  of  50  or  60  feet  in  Japan.  As  seen  in 
this  country  it  is  a  handsome  tree,  dwarfish  and  compact  in  habit, 
and  rather  slow  growing.  It  has  hardly  had  time  to  show  how  large 
it  can  grow. 

The  immunity  of  the  Japanese  chestnut,  together  with  the  fact 
that  it  was  first  introduced  and  cultivated  on  Long  Island  and  in  the 
very  locahty  from  which  the  disease  appears  to  have  spread,  suggests 
the  interesting  hypothesis  that  the  disease  was  iittrodriced  from 
Japan.  So  far,  however,  no  facta  have  been  adduced  to  substantiate 
this  view. 
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THE  SUPPOSED  RELATIONSHIP  OF  WHITE  SNAKE- 
ROOT  TO  MILKSICKNESS,  OR  "TREMBLES."" 


HiSTOBiCAL  nrrBODtrcnoN. 

Many  of  the  early  settlers  of  the  Ohio  Valley,  especially  in  Indi 
ana  and  Illinois,  were  affected  with  a  peculiar  disorder  known  as 
milksickness,  a  disease  which  is  said  to  have  caused  the  death  of 
Abraham  Lincoln^s  mother.  Persons  with  this  disorder  usually 
_  showed  no  mental  disturbances  save  slight  apathy,  although  late  in 
the  course  of  the  disease  there  might  be  coma.  ' 

Milksickness  was  usually  characterized  by  vomiting,  which  might 
be  bloody,  and  obstinate  constipation,  but  in  rare  cases  this  waa 
absent.*  So  marked  was  tlys  constipation  that  the  name  paralysis  of 
the  intestines  was  once  suggested  for  the  disorder.'"  The  abdominal 
walls  were  retracted  and  the  pulsations  of  the  abdominal  aorta  could 
thus  be  easily  seen.  Later  in  the  course  of  the  disease  tympanites  haa 
occurred.'  Tlje  urinary  sec^tion  was  diminished  and  the  breath 
took  on  a  peculiar  fetid  odor  which  was  considered  pathognomonic. 

■One  of  the  niOHt  Merioux  disenses  which  rormert;  threiitenml  tbe  life  of  man 
and  benst  In  the  forested  piirts  of  the  Ohln  Viille.v  nmi  ndjiwvnt  terrltnry  waa 
that  known  na  milksickness,  or  "  tremhlen."  AlthouKb  of  Inte  yenrs  uuch  leea 
trouble  has  bwn  exiierlentwl,  nn  ctvnKloniil  oolhrcnk  Is  reported. 

Id  rcsjionding  to  n  requcat  thnt  the  United  StateH  Department  <if  .\grlcultnre 
Investlgnt^  iin  nttack  of  mllkslcknesH  occurring  near  I'eorln.  III.,  n  favorable 
opportunity  was  ol>talne(l  to  test  the  widespread  and  iierslsteiit  'popular  belief 
that  the  plant  known  an  white  snnkeront  {Eupalnrium  ngvraloMiK  I.,  f.)  la 
resixinslble  for  tlie  trouble. 

After  n  stuQ.v  extemlliiK  tlirougb  several  montlia,  Dr.  Albert  C.  Crawford, 
rhnrnjacoioKlst,  actliip  under  the  direction  of  Dr.  R.  II.  Trite,  PhyslnloglBt 
fn  Charge  of  the  Polsonoiis-Planf  Investigations  of  this  Tturean.  has  shown  la 
the  results  summarized  In  this  technh-al  pu|>er  that  the  eating  of  the  plant  of 
the  n-hlte  snakeroot  by  nnlninls  or  man  Is  not  f()llott-e<l  by  the  Jisease  and  that 
there  is  probably  no  relnlfon  betT\een  them.— B.  T.  a.\i,i*w.*Y.  Vhir;  i/f  Bureau. 

^  Crook  shank,  N,  On  the  "Sick  Stomach"  of  the  Wi-slpni  Coimtry,  ot 
OnHtnienterltla.     Phlln.  Jour.  Med.  and  Phys.  Sol.,  vol.  12.  ji.  2.T4.  182fi. 

■^Dawson,  J,  Causes  nnd  Treatment  of  Mllkalfkiiess.  I'rot.  Med.  Conven- 
tion. Ohio,  IS42,  p.  4S. 

"Wod,  <3.  B.     Treatise  on  the  Pruttke  of  Medicine,  vol.  1,  p.  402,  1S58. 
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Associated  ivith  these  symptoms  were  those  of  prostration,  with  rest- 
lessness and  great  thirst.  Pain  was  referred  to  various  localities. 
The  temperature  usually  remained  normal  or  was  subnormal,  rarely 
exceeding  99°  F."  At  times  it  reached  100°  F.  There  are,  however, 
\'ery  few  recorded  cases  in  which  the  temperature  was  actually  meas- 
ured by  a  thermometer.''  The  pulse  remained  about  normal,  but 
might  at  times  be  accelerated.  Nothing  very  characteristic  was  noted 
concerning  the  tongue  save  that  it  was  enlarged."  In  certain  cases 
difficulty  in  swallowing  was  reported;  in  others  hiccough  was  a  more 
or  less  prominent  symptom.''  No  reports  were  made  as  to  the  con- 
dition of  the  pupil  or  of  any  ocular  disturbances  save  an  intolerance" 
,  of  light." 

There  was  said  to  be  an  incubation  period  of  from  two  to  ten  days,' 
although  apparently  some  cases  had  no  such  period."  The  disease 
itself  usually  lasted  from  two  to  twenty  days,  but  chronic  cases  are 
reported.*  The  disorder  generally  occurred  in  spring  or  autumn, 
particularly  in  autumn,  although  it  might  appear  at  any  season.' 
The  conditions  which  were  especially  favorable  for  its  development 
were  said  to  be  those  wliicli  interfered  with  normal  excretion.'  One 
attack  gave  no  immunity-,  but  rather  predisposed  to  a  second  one.* 

The  post-mortem  records  are  few  in  number.  The  only  lesions 
reported  are  those  of  irritation  and  inflammation  of  the  stomach  and 

"  Klumu'M,  J.  A.  Milk  SlckueKS  111  Auierlc-a,  Vechaiidl.  d.  X  Intemnt.  nied. 
Cituii..  vol,  -2.  pt.  C,  p.  rA.  1801. 

"Hm-d,  A.  Milk  SlcknesH.  Clinic,  Clncliinatl,  vol.  0,  p.  280,  1875.— Way, 
J,  II.  (.ntnlcal  History.  Naliire  and  Trentnieut  of  "  Mllk-SIcknesB."  Amer, 
Jour.  Sled.  Scl.,  n.  s.,  vol.  !«!,  p.  310,  ISSK).— Vandetl,  L.  r.  Inquiry  Into  tbe 
N'aturt'  of  tin-  DlHcaBe  Culled  Milk-Sickiiese.  West-  Jour.  Med.  und  SiirB..  .t  s.. 
vol.  II,  p.  3!i3.  1  ^ir)j.— Drake,  D.  Memoir  on  the  Disease  Called  by  the  People 
"  Trembles."    West.  Jour.  Jled.  and  Surg.,  vol.  3,  p.  178,  1S41. 

c  Graff,  G.  B.  On  tile  -Milk  Sickness  of  the  West.  Amer.  Jour.  Med.  Scl., 
n.  M.,  vol.  1,  p.  mi.  1841. 

*  Coleman,  A.  ObBervjitlons  on  tb(>  I>iHc<flt>^  CJeiieruily  Known  by  tUe  Name  of 
the  Slok  Sfomacli.    Phila.  Jour.  .Med.-tiiid  I'liyw.  8c-i.,  vol.  i,  p.  31:5,  1822. 

r  Gnitr,  <!.  B.,  1.  c.  p.  a54, 

/  Bi-iicli.  W.  M.  Milk  SieknesK.  Trans.  Ohio  stale  Jlwl.  Soc.,  vol.  38,  pp.  131, 
133,  18.SJ.— Klmniel.  J.  A..  1.  c,  p.  m. 

e  Yaudell,  I^  r.,  1.  c,  v.  ■.KU. 

*Yande!i,  L.  P.,  1.  c,  p.  :t!t2.— Klnimeli,  J,  A.,  1.  c„  p.  54. 

iRyford,  W.  II.  Milk  Sickness.  Nnslivill.'  Jour.  Meil.  and  Surg.,  TOl.  D,  p. 
407,  lsr.r..— Ynndi'll,  I,..  P„  1.  c,  ii.  ,H7!).— Beck,  J.  C.  .Milk- Sickness.  North- 
west. Mfd.  and  Snrii.  Joiir.,  vol.  14,  ]i.  4i!7,  IW". 

I  Plilli[)8,  \V.  H.  Milk  SlPkni-BS.  CiiKliiuati  Lancet  and  Observer,  voL  38, 
p.  142.  1877.  ^ 

'i  Philips,  W.  II.,  1.  <;..  p.  147.— Yaiuk-ll,  L.  P.,  1,  c,  p,  382. 
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intestines,"  as  shown  by  hemorrhages  into  the  lumen  of  these  organs 
and  injection  of  their  walls,  with  at  times  adhesion  of  the  intestinal 
walls  to  one  another."  The  pyloric  region  was  found  contracted," 
and  Peyer's  and  Brunner's  glands  were  swollen,  Graff  has  reported 
in  one  case  adhesions  and  thickening  of  the  cerebral  membranes.*  In 
other  cases  in  which  autopsies  were  made  very  slight  lesions  were 
noted.' 

The  clinical  symptoms  of  some  cases  of  milksickness  resemble 
closely  those  described  by  Vaughan  and  Novy  under  the  name  galac- 
totoxismus'  and  would  probably  be  so  diagnosed  if  they  occurred 
outside  of  the  areas  where  milksickness  is  prevalent.  Schmidt "  siig 
gested  that  cases  of  milksickness  occurred  in  cities,  but  were  not 
diagnosed  as  such.  Other  cases  resemble  other  forms  of  ptomaine 
poisoning  described  by  Vaughan,*  while  the  symptoms  of  still  others 
resemble  those  occurring  in  Van  Ermengem's  cases  of  sausage  pois- 
oning. These  cases  described  by  Van  Ennengem '  showed  marked 
nausea  and  vomiting  and  severe  constipation,  although  two  cases  had 
diarrhea.  There  was  retention  of  urine,  while  the  temperature,  pulse, 
and  mental  symptoms  remained  about  normal,  as  in  cases  of  milk- 
sickness. Some  difficulty  in  swallowing  was  noted  and  there  were 
ocular  disturbances — diplopia,  dilatation  of  the  pupil,  ptosis,  etc. 
The  post-mortem  examination,  as  in  milksickness,  showed  no  char- 

"De  Kruler,  J.  V.     Mllk-Sk-knesa.     CIileaEO  Me-l.  Jour.,  vol.  l."),  i^  20!!.  IS&S. 

'Davis,  K.  H.     Mllk-SkkneBB.     Atlanta  Mwl.  lle>:.,  vol.  1,  ]>.  3H4,  ISS1-K2. 

'"Byfcnl,  W.  II.,  1.  (.■.,  p.  405.— Drakt',  I).  MorbEil  Aimtimiy  of  MUkalckiieBis. 
West.  Jour.  Med.  and  Surg.,  vol.  4,  1S41,  p.  2:14. 

"  (!i-aff,  G.  B.,  1.  e„  p.  sua. 

I"  CrookHhank,  S.,  1.  c,  p.  256. 

'  Vaunlian.  V,  C,  and  Novy.  F.  (!.  (.Vlliiliir  Toxliiw.  v.»yz.  ]<.  21il.  ("DmiMirc 
Graff,  ti.  B.,  1.  c„  I).  3W:  also  Walkpr.  ,1.  \V..  Milk-Slikiu-ss.  s.-ie'i.-f.  vol.  ,S,  ]■. 
4,S3,  ISSO. 

'Schmidt,  C,  H,  Milk  Slcknesw.  Clin-lruuHi  l.riii.ct  iiiiil  iHim-rviM',  vol.  Lit. 
p.  412.  1877. 

"VaiiKhan,  V.  C.  I'tomatiios,  Toxliis  iiml  l-i'iii-oiiiiiTiis.  Tivi'iitielli  •■(■iitiiry 
Practki',  vol.  IX 

•Van  EruieiiBeiu,  E.  I'eber  eluem  iieiifii  aiirienn.  Biiclllns  n.  se4ne  Bezle- 
Limpi'ii  z.  BotullBuiiiH.  Zelts.  t.  IlyKleiie,  vol.  Si,  |i.  1,  isiii :  riitersiicli.  il.  Fiilli> 
V.  FlelBL-Lvert'lft.  uiit  Syuiptouien  v.  Botiillsiiius.  t'eiit.  f.  Bakter.,  part  1,  vol. 
10,  p.  442,  IWMi.— Itiiiiior,  r.  Kill  Beltrac  z.  Aetloloale  dfs  U.itiiliamiia,  (.Viit. 
t.  Btikter..  [iiirt  1.  vol.  27.  [i.  )S57,  1000.— Kemi)ner,  W.,  and  I'ollnck,  B.  Wlrkmii; 
des  BotiillaniiiwtoxliiH  iFli'lW'lmiftiiil  uiid  seiiipw  s|pcciHscbmi  AntltoxliiH  aiif  dU- 
2>erveiiZ(>lleii.  Deiitscb.  Jled.  WocL.,  vol.  23,  p.  5fi5,  1807.— Ilr lexer  and  Kemii- 
iier,  W.  Beltr.  z.  LeLre  von  dt-r  FlflscLn.Tftirt.  lifiitsiU,  Med.  Wttoli.,  lsii7.  i), 
r)21.— Ki'iiipner,.  W.  WeltL'rer  Beilrag  z.  I.cbre  von  dim  Fk-lwlivi'i't'lft.  I>iis 
.intlto\ln  den  Bomllsmiw.  Zi'lls.  f.  IlyKkue,  vol.  2lj,  p.  4fSl,  1  «I7.— Uslw,  W, 
Modern  Medlelue,  vol.  1,  ij.  232,  VM7. 
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acteristic  macroscopic  lesion.  From  the  spleen  was  isolated  an  anae- 
robic bacillus  which  could  reproduce  the  symptoms  of  the  disorder 
in  animals.  This  organism  was  found  in  various  places  in  the  meat 
used  in  making  the  sausage.  On  culture  media  it  developed  an  odor 
of  butyric  acid.  The  toxin  obtained  from  these  cultures  would  re-  ■ 
sist  heating  at  70°  C  for  a  short  time,  but  heating  to  100°  C.  destroyed 
it  at  once.  Van  Ermengem  mentions  that  in  cats  injected  with  this 
toxin  there  was  muscular  rigidity  and  that  the  ocular  symptoms  in 
these  animals  were  not  marked.  Dogs,  however,  were  very  resistant 
to  the  action  of  this  toxin.  This  organism  has  also  been  found  in  the 
fieces  of  hogs.  A  similar  outbreak  occurred  in  Darmstadt  after  eating 
vegetables  infected  with  the  same  organism." 

■No  doubt  the  term  '"  milksickness  "  has  been  made  to  embrace  a 
variety  of  clinical  conditions;  in  fact,  there  has  been  siich  confnsion 
in  the  i-eports  that  some  authors,  as  Yandell.  have  denied  its  existence 
as  a  peculiar  entity." 

The  mortality  as  given  by  Coleman'^  is  one  dSath  in  every  twenty 
or  thirty  cases.  Others,  as  Mendenhall,"  allude  to  milksickness  as  a 
''very  grave  disease";  others,  again,  speak  of  the  outlook  as  favor- 
«ble  under  the  proper  treatment. 

In  the  same  portions  of  the  country  in  tvhich  milksickness  occurred 
a  similar,  if  not  identical,  disorder  also  affected  domestic  animals, 
esi>ocially  cattle.  In  them  muscular  tremors  were  prewnt  and  liecame 
especially  noticeable  when  the  animals  were  driven,  so  that  this  dis- 
order received  the  name  of  "  trembles,"''"  It  was  also  called  the 
"  tires,"  on  account  of  the  disinclination  of  the  animals  to  move.  A. 
rigidity  of  the  muscles  has  been  noted  by  McCall.'  The  post-mor- 
tem examination  showed  the  gastric  mucosa  to  be  softened  and  the 
stomach  and  intestines  contiacted,"  in  some  cases  gangrenous,*  and  at 
■times  thei*  was  more  oi'  less  peritonitis.     The  odor  developing  at 

"  Fischer,  A.  T'eber  eitie  Mnssenerkrnnkuug  an  Botullamiia  Infolge  Genusaes 
"  verdorbeiiei" "  Bolmeukonsprvcii.    ZpitH.  t.  kiln.  Me<1..  vol.  5!).  p.  58,  inOU. 

Note. — The  bni-ilhiM  Ariiiffiiiirx  capBalatun  wlilc-li  orourB  In  the  huiiinn  intes- 
tlnal  trnct  may  Rive  rise  to  iiifwtionR  nHSwintprt  with  const li>at Ion.  See  Ilerter, 
V.  A.,  Conniioii  Biicterliil  Inre(-tl<)ns  <)f  the  Dlsi'stive  Trnct.  1W7.  p.  207. 

SYuuflell.  L.  P..  I.  f..  1).  .SOS.— Hibberd,  J.  l^  Oliservntlona  on  Mllk-81ckne8s. 
Wpsteni  Ijiiicet.  LSir..  vol.  3,  |..  44.'<. 

'"  ('"lemnn.  A..  I.  c,  p.  3'_Ti, 

"'Meiuioiihall,  I.     MIlk-Rli-knews.     ChlciiKo  ilcti.  Jour.,  vol.  IN,  p.  4:f..  l.Stil. 

•■  Yniulpll,  I..  I'..  I.  c.  p.  .liis. 

fllcfjill,  A.  Tiicts  jiiul  (llis,.rvjitU>iiK  on  thi'  Milk  .«lckncsB.  WhsI.  J.nir. 
SIwl.  jmd  I'lij-K.  Scl..  v..].  :t.  p.  -iriT,  1s:iO. 

"(irnfT.  G.  B,.  i.  c,  ]>.  'Mi-J. 

*  nickpy.  W.     Ksmiy  i.ii  Milk  Sicktioiei.     WcMciii  Ijlu<-pt  i.jl.  j;;.  |i]i.  3ni-3re, 
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some  of  these  autopsies  was  especially  offensive  and  was  compared 
with  the  odor  arising  in  mercurialism."  In  one  case  the  cerebral 
ventricles  contained  fibrin  and  the  brain  itself  was  surrounded  by 
serum  and  pus.'  The  spinal  cord  in  this  case  showed  signs  of  in- 
flammation.    In  other  cases  no  special  lesions  were  noted.''   ^ 

It'  was  proved  that  many  cases  of  milksickness  were  communicated 
to  man  by  means  of  milk  and  its  products  <*  or  meat  ■  obtained  from 
cattle  affected  with  the  "trembles";  even  the  amount  of  , cream 
usually  added  to  coffee  is  said  to  have  induced  the  disease.'  Other 
cases  apparently  arose  without  the  products  of  diseased  animals 
being  eaten,  as  by  using  contaminated  water; '  and,  again,  cases  have 
occurred  in  vegetarians.*  In  some  cases  the  fencing  off  of  the  sus- 
pected springs  from  the  pasture  was  followed  by  the  disappearance  of 
"  trembles  "  from  the  neighborhood.  The  "trembles  "  still  appear 
at  times,  although  much  less  common  than  formerly,'  its  disappear- 
ance being  traced  to  the  cultivation  of  the  soil ;'  and  it  is  associated 
with  certain  shady,  sharply  localized,  wet,  untilled  areas.  Ko  char- 
acteristic geological  peculiarity  has  been  proved  for  these  areas.*' 
Drake  met  the  disorder  almost  entirely  on  oak  plateaus,  and  especially 
on  the  so-called  "  slashes  "  or  marshy  areas.'     It  is  claimed  that  the 

"  I>rake,  D.,  1.  c,  p.  172.— MeCall,  A.,  I.  c,  p.  467. 

»  Graff.  G.  B..  1.  c.  p.  363. 

Tlilllps,  W.  H.  Mllkslcknetis.  ClQcinnatl  lancet  and  Obsener,  vol.  20,  p. 
132,  1887.— Beach.  1.  e..  p.  137. 

'  Drake.  D.,  1.  c,  p.  194.— Wilkinson,  G.  W.  Etlologj'  of  Mllkslcknem.  Nortb- 
wwt.  Med.  and  Surg.  Jour.,  vol.  14.  p.  166,  1667.— Townahend,  N.  8.  MUk- 
SIcknesB.  Jour.  Comp.  Med.  and  SntiE'.  vol.  4.  p.  118.  1883.— Sctuntdt,  C.  H. 
Milk  Sickness.    Cincinnati  iJincet  and  Observer,  vol.  30,  |i.  411.  1877. 

■  Taadell,  L.  r.  Report  on  Milk  Sickness.  Proc.  State  Med.  Soc.  Kentucky, 
p.  94,  18C8.     [Gives  negative  reports.] 

'  Graff,  G.  B.,  I.  c,  p.  359. 

'  Crookriiank,  K.  Observations  on  tbe  Milk  Slokiiess,  Cincinnati,  1840,  p.  11 ; 
Sick  StOmack.  Ohio  Med.  Hep.,  vol.  1,  p.  11,  182G.— Yandell,  L.  F.  Inqnlrr  Into 
tbe  Nature  of  the  Disease  Called  Mllk-Sk'knesH,  West.  Jonr.  Med.  and  Sni^.,  3  B., 
vol.  9.  pp.  383.  38».  1802.— Walker.  J.  W.  Mi  Ik- Sickness.  Science,  vol.  8,  p.  483, 
1886.— AVilklnson,  G.  W..  1.  c.  p.  158.— Thompson,  S.  W.  Mllh-SlckneBs.  West 
Jour,  Med,  and  Surg.,  3  s.,  vol.  11,  p.  480,  1853.— Jones,  J.  T.  Short  Essay  on 
Milk  Sickness.    East  Tenn.  Rec.  Hed.  and  Surg.,  vol.  1,  p.  330. 1862-68. 

*  Jones,  J.  T.,  I.  c,  p.  320. 

'  Connor,  J.  J.  Further  Contribution  to  the  Subject  of  Mllk-Slckness.  Chi- 
cago Clinic,  vol.  17,  p.  333,  1904. 

'Tandell,  L.  P..  1.  c,  p,  387,— Walker.  J.  W.,  1.  c,  640;  also  Trans.  Indtena 
State  Med.  Soc..  1873-75,  p.  128. 

Note. — Some  areas  are  not  entirely  freed  by  cultivation. 

*Tandell.  L.  P..  I.  c,  [>.  379. 

Note. — J.  S.  Seaton  In  his  "  Treatise  on  the  Cause  of  the  Disease  Called  by 
the  People  the  Mllkslc^knesB,"  p.  10,  claims  that  he  can  pick  out  oillkslck  areas 
by  the  geological  conditions. 

'  Drake,  D„  1.  c„  p.  184, 
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disease  is  contracted  by  leaving  t)ie  cattle  in  these  areas  over  night 
and  that  the  disorder  can  be  avoided  by  withdrawing  them  from 
pasture  before  dark.'  Corn  fodder  experimentally  exposed  to  the 
dew  in  these  areas  communicated  the  disorder  to  a  yearling,* 

One  of  the  peculiarities  claimed  for  this  disease  is  that  cows  will 
-show  no  symptoms  so, long  as  they  are  milked,  while  their  nursing 
calves  die  with  typical  symptoms,  but  when  the  milking  ceases  the 
■cows  -develop  the  symptoms  in  the  usual  manner.  In  other  words, 
the  poisonous  agent  is  partially  eliminated  by  the  milk."  The  urine 
is  also  claimed  to  eliminate  a  portion  of  the  poisonous  body.''  The 
suspected  milk  in  some  cases  was  noted  to  be  of  a  greenish  color,* 
but  usually  there  was  no  characteristic  noted  which  is  peculiar  to  it.' 

The  disease  was  apparently  known  to  the  early  French  mis- 
sionaries in  the  eighteenth  century,  but  accounts  of  it  first  appeared 
in  medical  literature  in  1809-10."  They  were  numerous  from  1840  to 
1850,  but  now  notices  seldom  appear. 

The  etiology  of  this  disorder  has  i-emalned  in  doubt,  and  Osier,* 
in  an  address  before  the  young  medical  officers  of  the  United  States 
Army,  mentions  its  causation  as  one  of  the  many  intricate  problems 
remaining  to  be  solved.  Rewards  were  at  one  time  offered  by  several 
States  for  the  solution  of  this  question,  but  these  do  not  hold  at 
present.  Opinion  has  been  di\ided  as  to  whether  "  trembles,"  or 
mllksickness,  is  of  parasitic  origin  or  due  to  the  eating  of  certain 
plants,  as  Rhus  toxicodendron  or  R.  wnenata,'  Bignonia  capreolata, 

0  Beach.  W.  M.  Mllk-Slckn^e.  Trans.  Oblo  Slate  Med.  Soc.,  vol.  3S,  pp. 
128,  130,  1884.— I,ea,  W.  W.  Cursor;  ReDinrks  ou  a  Disease  Vulfmrly  Called 
Milk  Slek.  I'blla.  Jour.  Med.  and  Phys.  ScL.  vol.  2.  |).  51.  1821.— Way,  J.  H„ 
1.  c,  p.  312. 

»  Walker,  J.  W.,  1.  c,  p.  483. 

•:  Klmniell.  J.  A.,  1.  c,  pp.  50.  52  — Drake.  I>..  I,  (■..  pp.  lOS,  200,-.Grair,  G,  B., 
I.  c,  p.  300. 

*  Graff,  G.  B..  1.  c,  p.  300. 

"McCall,  A.  Facts  and  Observatloiii'  i>ii  the  Milk  Sickness.  West.  Jour. 
Med.  and  Fhys.  Scl.,  vol.  3,  p.  407,  ISiiO. 

1  Graff,  G.  B.,  1.  c,  p.  300, 

'  Drake,  D..  1.  c  p.  11J2 ;  also  West.  Jour.  Med,  and  Plij-s,  Scl.,  vol.  3,  p.  482. 
1830. 

*OsIer,  W.    AeQUaDimltaB.  1004,  p.  116. 

'  Laudruiii.  Z.  C.  Khus  Toxicodendrott,  the  Cause  of  Milk  SIckueas.  Atlanta 
Med.  and  Surg.  Jour.,  vol.  7,  A,  p.  1, 1S61.— Chase,  S.  C.  Cause  of  Mllk-slckness- 
Chlcago  Med.  Jour.,  vol.  18,  p.  438.  IWi.— Mcllhenny.  J.  J.  Treatise  on 
the  Disease  Called  the  Ml  Ik- Sickness.  Springfield,  1843,  p.  O.—Nlcbols.  J.  H. 
Milk-Sickness,  Clinic.  Cincinnati,  vol.  10,  p.  20,  IHTC— Brewington.  W.  J.  Milk- 
Sickness.  Clinic,  Cincinnati,  vol.  10,  p.  70.  1S7C,— Crook.  J.  W,  Twenty  Propo- 
«ltions  on  Mllk-Slckne)«.  North-West.  Med.  and  Sun;.  Jour.,  vol.  14,  p.  491. 
1867.— Jones,  J.  T.  Short  Essay  on  Milk  Sickness  (Coffca  trementUx).  BBst 
TeoQ.  Bee.  Med.  and  Surg^  vol.  1,  i>.  324,  1^2-53. 
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Eupatorium  ageratoidea,  Lobelia  infiata,  etc."  Graff '  eliminated 
arsenic,  copper,  etc.,  as  causative  factors  and  showed  that  small 
quantities  of  the  butter  or  cheese  (1  ounce)  or  of  the  beef  (4  ounces) 
obtained  from  animals  with  the  "  trembles,"  if  fed  to  a  dog  three 
times  a  day,  would  reproduce  the  symptoms  in  forty-eight  hours  and 
cause  death  in  from  three  to  six  days ;  but  his  inoculations  failed  to 
produce  the  disorder.  Graff  adds  that  the  poisonous  principle  seems 
to  possess  the  power  of  infinite  reproduction,  stating,  ■'  It  will  be 
found  that  each  pound  of  flesh  of  that  animal  so  destroyed  will 
possess  as  active  powers  of  destruction,  and  will,  in  its  turn,  serve 
to  contaminate  the  whole  body  of  another  animal  in  the  same  degree." 
Vermilya  "  claims  that  he  was  able  to  reproduce  the  disorder  by  feed- 
ing Eupatorium  agerato'ides  and  that  his  experiments  were  corrobo- 
rated by  Rowe,  but  A.  W.  Bitting,  of  Lafayette,  Ind.,  reported  to 
this  Department  his  experiments  in  which  he  fed  a  horse  210  pounds 
(105  kilos)  of  this  fresh  green  plant  in  live  days  without  serious 
effect.  He  also  fed  two  lambs  with  80  pounds  (40  kilos)  without 
effect.  Similar  experiments  are  reported  by  Drake*  The  theory 
of  a  plant  poison  was  emphasized,  as  herbivorous  animals  were  sup- 
posed to  be  the  first  affected  and  from  them  the  disease  transmitted 
to  the  camivora,  although  the  cases  do  not  always  originate  in 
herbivora.* 

"Jerry,  W.  The  I'laut  that  Causes  Milk  SIcknewi.  Med.  and  Siirg.  Rep., 
vol.  16,  p.  270. 1867.— Drake,  I>..  I.  c,  p|i.  21 3-224.— Jon e».  J.  T.,  1.  c,  |).  324. 

•  Graff,  G.  B.,  1.  c,  pp.  357,  300,  362. 

Note. — Graff  aaya  the  meat  la  active  "  raw  or  twiled,"  but  tliere  Is  evidently 
some  mlatake.  as  be  states  ou  page  3(!1  that  "  I  t>olled  a  lai^e  quantity  ot  the 
beef  [d  pure  water  for  several  hours,  and  afterwardu  evaporated  the  liiiuld 
thus  obtained  to  the  consistence  of  cream.  Although  this  extract  contained 
a  large  qnantlty  of  gelatinous  mutter,  with  some  of  the  other  constituents  of 
tbe  tiesh.  yet,  on  being  given  In  large  quantities,  no  perceptible  efFect  was  pro- 
duced." 

Conipton.  J.  W.    MIlk-SlcknesH.     Indiana  Med.  Itepocter,  vol.  2.  p.  255,  ISSl. 

'  Ohio  State  Board  of  Agriculture,  l.'lth  Ann.  Rept.  for  1858,  185t),  p.  GT3.— 
Barbee,  J.  W.  Facts  Itelative  to  the  Kndenilc  Diseaae  Uiilled  by  the  People  of 
the  West  Mllk-SlckneMB.  Western  Jour.  Med.  and  Surg.,  vol.  1.  p.  182,  1840.— 
Drake,  D.,  1.  c.  p.  214. 

NOTB.^Tbe  view  that  arsenic  Is  the  etiological  factor  In  mllk-slcknese  has 
been  strenuously  upheld  by  Seaton  In  his  Treatise  un  the  Cause  of  the  Disease 
Called  by  tbe  People  tbe  Mllkalckuess.    Louisville,  1S41. 

*  Drake.  D.,  1.  c.,  pp.  215-2J7. 

Note. — ^Tbe  cases  described  by  Bnrbee  In  the  Western  Journal  of  MeclUlne  and 
Surgery,  vol.  1,  p.  182,  1»40.  In  which  dogs  were  killed  with  decoctions  of  this 
plant,  seem  to  be  merely  cases  of  so-called  salt  action 

'Compare  Jones,  J.  T.,  1.  c.,  p.  328. 
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In  1843  Heeringen,*  and  later,  in  1853,  Heusinger,'  compared  this 
disorder  to  anthrax,  and  in  1858  Wood  on  purely  literary  evi- 
dence argued  the  presence  of  "  a  germ."  "  Byford  *  and  De  Bruler  ' 
called  attention  to  the  fact  "  that  it  undergoes  multiplication  in  the 
system  "  and  that  it  lost  none  of  its  virulence  by  passing  through  four 
successive  animals.  Gardner  '  and  Hessler  '  claim  to  have  found  para- 
sites in  the  blood,  while  Philips  *  compares  the  organism  seen  by  him 
to  that  met  with  in  relapsing  fever.  The  examinations  of  the  blood 
made  by  Schmidt  were  negative.'  Molds  and  mushrooms  also  have 
been  claimed  to  be  the  etiological  factors.'  No  one  has  yet  reproduced 
the  disease  by  injection  of  pure  cultures  of  organisms. 

The  question  thus  remained  in  doubt,  with  the  weight  of  evidence 
in  favor  of  a  parasitic  origin,  when  a  paper  by  Moseley  *  appeared. 
As  his  paper  attributes  the  origin  of  this  disorder  lo  the  eating  of 
Eupatorium  ageratotdes,  or  white  snakeroot,  it  was  deemed  advisable 
to  analyze  his  evidence,  as  follows : 

Experiment  No.  1. — This  consisted  in  fading  a  cat  weighing 
4^  pounds  (2,041  grams)  with  a  solution  made  by  extracting  the  leaves 
of  three  or  four  ( ?)  plants  in  one  pint  (473  c.  c.)  of  milk.  After 
taking  about  one-half  gill  (59  c.  c.)  of  this  extract  the  animal  showed 
tremors  and  dullness  and  was  found  dead  in  about  twenty-six  hours. 
The  post-mortem  examination  proved  to  be  negative.  It  is  possible 
in  this  case  that  bacteria  may  have  developed  in  the  milk  and  pro- 
duced poisonous  compounds  before  feeding.  This  experiment  was 
performed  by  Moseley 's  assistant  and  the  animal  was  not  seen  by  him 
until  after  death. 

Experiment  No.  2. — A  tramp  kitten  of  unknown  hi8t«i*y  weighing 
30  ounces  (850.5  grams)  was  fed  with  a  decoction  made  from  one-half 

■  HeerlDgen,  E.  Discovery  of  tLe  True  Cause  of  tbe  Dlsesae  Called  by  tbe 
People  TreinbleH,  or  Mllkslcknefls,  Louisville,  1843.    - 

*  HeuriDger,  C.  F.    Recbercbea  de  Path.  Comp.,  vol.  1,  p.  120, 1863. 
«Wood.  G.  B..  1.  e.,  p.  405. 

*  Byford,  W.  H.,  I.  c.  p.  467. 

"  De  Bruler.  J.  I'.,  I.  c.  p.  200. 

'Gardner,  J.  Milk-SlckDess.  St.  LouIb  Hed.  and  Snrg.  Jonr.,  voL  88,  p.  290. 
1880. 

'Hessler,  R.  Prellmluary  Notes  on  an  A1taoi<t  Extinct  Native  Disease,  Trem- 
bles or  MIlh-SIcknexB.    Proc.  ladlnun  Aciid.  8cl.  tor  1905,  p.  123. 

» I'blHpe,  W.  IL,  1.  c.  p.  130. 

<  Schmidt.  C.  H.,  I.  e.,  p.  412. 

I  Wllklneon.  G.  W.,  I.  c,  p.  159.— Boward,  K.  J.  Mukosma.  Indiana  Jonr. 
Med.,  vol.  2,  p.  370,  1871.— Borland,  8.  Sasay  on  tbe  Milk  Sickness,  p.  27,  Little 
Rock,  1845.— Drake,  D.,  1.  c,  p.  218.— Jobneon,  J.  M.  Mllk-Slcknem.  Atlanta 
Med.  and  Sur?.  Jonr.,  voV  7,  B,  p.  203,  1806.  Compare  also  Mltcbell,  J.  K.,  rive 
Essays. 

'Moseley,  E.  L.  Tlie  Onuxe  of  Trembles  In  Cattle.  Kbeep,  and  HoAes  and  of 
Mllkslcknese  In  People.    Ohio  NatnrallBt.  vol.  6.  pp.  463  and  477,  1906. 
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pound  (22C.8  grams)  of  the  fresh  plant  and  also  some  milk  extract  of 
the  plant,  more  of  the  plant  than  the  first  (a  larger  eat)  received. 
The  cat  was  dull  and  showed  tremors  at  times  after  the  first  feeding, 
but  the  appetite  remained  good,  and  eleven  days  later  trembling  could 
Ktill  be  seen.  Eighteen  days  later  the  animal  was  fed  on  the  carcass 
of  a  rabbit  which  had  died  after  eating  the  same  plant  (see  experi- 
ment No.  6).  This  rabbit  had  died  three  days  before  the  feeding  of 
the  cat  began.  Some  tremors  were  seen  in  the  cat,  but  it  ate  and  con- 
tinued active  for  three  days,  when  it  was  killed.  This  experiment  is 
open  to  the  objection  that  nothing  was  Itnown  of  the  cat  previous  to 
the  feeding,  and  cats  often  show  slight  tremulous  movements  of  the 
cutaneous  muscles.  Then  again,  granting  that  the  tremors  were  due 
to  eating  the  meat,  no  record  is  made  of  having  preserved  the  rabbit 
meat  on  ice,  and  decomposition  may  already  have  begun,  and  the  mere 
pi-esence  of  muscular  tremors  of  unknown  origin  without  the  other 
clinical  symptoms  does  not  indicate  the  disease  known  as  "  trembles." 

Experiment  A'o.  3. — A  cat  whose  previous  history  was  not  given 
was  fed  on  the  same  carcass  given  to  the  cat  referred  to  in  experiment 
Xo.  2,  and  on  thnt  referred  to  in  experiment  No.  7,  after  it  had  stood 
two  days,  and  the  feeding  was  continued  three  days;  then  it  was  fed 
on  a  similar  rabbit  two  days  after  death.  This  animal  showed  tre- 
mors and  died  in  twenty  days.  The  temperature  of  this  animal  rose 
about  ^J°  F.  on  the  third  day  before  death.  The  buttocks  were  re- 
ported soiled,  so  evidently  it  had  no  marked  constipation.  Now,  con- 
stipation is  a  symptom  which  Kimmell,  Drake,  Chesney,  Graff,  and 
others  had  previously  noted  in  animals  affected  with  the  "trembles," 
and  is  one  of  the  characteristics  of  milksickness."  Post-mortem  ex- 
amination showed  two  ounces  of  acid  fluid  in  the  peritoneal  cavity. 

Kxperiment  A'o.  4- — A  cat  which  was  sicli  before  beginning  the 
exi>eriment  was  fed  with  a  milk  extract  of  the  plant,  but  only  showed 
light  symptoms  (diarrhea)  and  "  was  seen  to  tremble  only  a  few  times 
and  then  under  conditions  which  might  probably  have  produced  trem- 
bling without  the  aid  of  any  poison."  This  animal  was  then  fed  on 
meat  from  one  of  the  rabbits  used  in  previous  experiments.  Moseley 
said  that  "  the  meat  seemed  to  affect  him  more  than  the  milk." 

Expei-iment  Xo.  5. — A  dog  was  fed  on  an  aqueous  extract  of  the 
j^ant  mixed  with  milk  and  some  chopped-up  plant  mixed  in  hash  and 
showed  some  trembling  and  weakness,  but  Moseley  adds  "  he  was  not 
so  different  from  usual  except  in  the  early  morning  but  wbat  all  these 
things  might  have  escaped  notice  if  he  had  not  been  watched."  In 
other  words,  an  animal  which  Graff  had  shown  to  be  very  susceptible 

"Clipsney.  .1.  P.  Milk  SlfkiiOKs.  St.  Jospiili  Mwl.  ntitl  8ui-i!.  Itep..  vol.  I.  ii. 
iXt.  1880.— Kluimell.  J.  X..  I,  <-..  p.  SI.— Drake,  D.,  1,  c;  cow.  p,  170;  horse,  p. 
173:  <l<>a.  |..  174.— (ii-afr,  U.  B.,  i.  c,  |i.  :!60. 
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to  the  "  trembles,"  when  fed  with  Kupatorium,  ugeratoides,  the  fiii)>- 
posed  carrier  of  the  disease,  showed  practically  no  symptoms.  He 
then  adds  the  remarkable  report  of  his  assistant :  "  ^Vhile  I  held  the 
dog*s  mouth  open  a  friend  poured  the  extract  into  the  dog's  mouth. 
The  dog  choked  and  coughed  the  extract  into  my  face  and  mouth. 
I  was  in  n  room  while  the  mixture  was  steeping  and  also  on  the  pre- 
vious evening.  At  10.30 1  was  taken  with  a  fit  of  cramps  and  the  fol- 
lowing day  was  nauseous.  Several  times  during  the  three  following 
days  I  had  fits  of  trembling,  always  accompanying  the  extension  of 
limb."  In  this  connection  it  may  be  stated  that  the  present  writers 
laboratory  as.sistant  and  himself  squeezed  their  material  by  hand, 
handled  it,  and  made  their  own  extracts  in  a  rather  close  room  with- 
out experiencing  any  such  effects. 

Experiment  Xo.  0. — In  this  case  2  ounces  (56.7  grams)  of  the 
snakeroot  was  placed  in  the  cage  with  a  rabbit.  The  rabbit  died  in 
three  days.  No  tremors  had  been  noted.  This  case  can  be  exchide<l 
because  of  the  absence  of  any  accurate  clinical  report  or  histological 
examination,  as  rabbits  are  very  apt  to  die  of  intercurrent  disease^, 
especially  coccidiosis. 

Experiment  No.  7. — This  is  of  the  same  type  as  experiment  No.  fi, 
and  ojjen  to  the  same  objection.  Moseley  merely  quotes  the  report 
of  his  pupil  as  to  the  presence  of  tremors. 

Experiment  Xo.  <9,— Tliis  experiment  consisted  in  injecting  s\ibcii- 
taneously  into  a  rabbit  weighing  1,383  grams  an  aqueous  extract  of 
3  grams  of  the  plant.  This  injection  was  followed  by  tremors.  Thre<' 
days  later  the  animal  was  fed  with  •!  to  3  ounces  {ri7.7  to  85  grams)  of 
the  leaves  and  branches,  and  died  in  one  hundred  and  twenty  hours. 
There  was  no  constipation.  Moseley  says,  '*  The  effects  on  her  actions 
and  appearance  were  not  striking  and  might  have  escaped  notice  if  I 
had  not  looked  for  them." 

Experiment  So.  ,'^— .V  rabbit  was  fed  for  three  days  with  an  aque- 
ous extract  of  the  plant.  The  only  result  noted  was  a  "  tremulous  mo- 
tion of  the  sides,  with  more  mpid  respiration."  This  animal  was  then 
fed  with  a  milk  extract  of  the  |»lant.  Xo  constipation  resulted,  but  the 
same  trembling  was  seen,  and  save  for  a  slight  les.sening  of  strength 
'■  she  has  seemed  well." 

E.i'pi'rb>n-ut  Xo.  JO. — This  experiment  consisted  in  feeding  a  milk 
extract  of  the  plant,  but  with  only  slight  action.  A  rabbit  w«h 
reported  to«tremble  after  eating  07  grams  of  the  leaves  and  branches 
of  u  ivn^h  plant,  but  survived. 

Exprrirficnt  So.  II. — A  young  lamb  weighing  40  pounds  (18.14 
kilos)  was  fed  with  the  leaves  of-  this  plant.  The  animal  showeil 
trembling  and  died  in  four  days,  having  eaten  about*21)  ounces  (S2-J 
grams).    There  was  no  constipation.    The  kidneys  were  found  to  be 
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niitch  enlarged,  weighing  about  twice  as  much  »s  normal.  One  can 
form  no  positive  opinion  as  to  the  cause  of  death.  The  enlarged  kid- 
neys, taken  in  connection  with  the  history  of  convulsions  and  fluid 
in  the  peritoneal  cavity,  might  suggest  a  nephritis. 

Six  oimces  (170  grams)  of  the  liver  of  this  animal  were  fed  to 
a  cat.  This  cat  showed  merely  a  few  tremors.  A  second  cat  also  at« 
0  ounces  (170  grams)  of  the  mu.scles  but  showed  no  tremors,  and 
a  dog  after  eating  4  ounces  (103.4  grams)  of  the  liver  .-ihowed  no  symp- 
toms save  some  dullness,  but  after  feeding  on  the  heart  and  spleen 
some  tremors  were  noticed.    None  of  these  animals  died. 

The.se  experiments,  taken  in  the  light  of  Graff's  work,  indicate  that 
the  sheep  had  not  the  disease  commonly  known  as  •'  trembles." 

Moseley  explains  the  lark  of  re.sults  in  some  of  his  experiments  by 
ihe  existence  of  a  hypothetical  immunity,  but  cases  of  milksickness 
are  known  not  to  possess  immunity — in  fact,  one  attack  rather  pre- 
disposes to  another,  so  that  it  can  not  .be  said  that  Moseley  has  even 
proved  Eiipatorivm  ageratoidee  to  be  a  poisonous  plant,  much  less  the 
cau.se  of  "trembles." 

BECEKT  INVESTIGATIONS. 

In  the  month  of  August,  1906,  a  rather  serious  outbreak  of  milk- 
j  ickness,  or  as  it  is  fie(]iiently  called  in  the  case  of  stock  "  trembles," 
occurred  in  the  vicinity  of  Minooka,  111.,  resulting  in  the  death  of 
;il)out  oO  head  of  cattle.  The  oflicw  of  Poisonous- PI  ant  Investiga- 
tions was  asked  to  undertake  an  investigation  into  the  cause  of  the 
trouble.  In  view  of  tlic  fact  that  only  plants  as  popularly  understood 
an^  the  subject  of  investigation  by  this  office,  only  plants  were  studied. 
The  widespread  and  popular  belief  that  the  eating  of  the  white  snake- 
root  {EiiiMttorium  HijfriitoUIcH),  illut^trated  in  Plate  I,  is  the  cause  of 
the  tmuhle  seemed  to  direct  the  principal  efforts  of  the  investigations 
toward  thai?  common  plant.  It  was  found  in  considerable  quantities 
in  pastures  in  which  the  animals  were  supposed  to  have  contracted  the 
disease,  and  in  a  nuuitwr  of  patches  the  plants  had  been  bi-owsed, 
pn-sumably  by  the  stock.  Material  from  these  patches,  both  dried 
mid  in  chloroform  water,  was  preserved  for  study. 


To  prepare  the  material  for  use,  200  grams  of  the  dry  herb  were 
extractcii  with  cold  water  and  the  extract  evaporated  to  the  desired 
concentration  in  vacuo  at  about  5.j°  C.  When  such  an  extract  was  fed 
to  a  rabbit  weighing  4  pounds  •>  ounces  (1.871  grams)  no  symptoms 
were  noted-,  either  immediately  or  on  the  following  day.  Two  days 
after  the  fii'st  dose  a  like  quantity  was  again  administei-ed  and  no 
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symptoms  appeared,  the  rabbit  weighing  4  pounds  5  ounces  (l,!*5fi 
grams).  After  receiving  three  further  doses,  representing  200  grams 
each,  in  a  period  of  five  days  the  animal  showed  no  symptoms  of 
"  trembles  "  or  of  suffering  of  any  sort,  the  weight  increasing  under 
this  treatment  to  4  pounds  8  ounces  (2,041  grams).  The  animal  which 
had  received  this  treatment  gave  normal  delivery  to  young  and  made 
a  rapid  recovery,  the  young  appearing  abnormal  in  no  respect.  Thus, 
although  the  rabbit  received  the  equivalent  of  1,000  grams  of  the 
plant  in  a  week,  no  symptoms  of  milksickness  appeared  and  the 
animal  steadily  gained  in  weight. 

After  a  rabbit  weighing  4  pounds  (1,814.3  grams)  was  injected 
subcutaneously  in  the  back  with  an  extract  of  20  grams  of  the  dried 
plant  muscular  tremors  were  felt  in  the  limbs  and  in  the  masseter 
muscles,  but  recovers'  followed. 

■When  a  quantity  of  the  same  extract  representing  40  grams  was 
injected  into  a  rabbit  wei'ghing  4  pounds  1  ounce  (1,842.7  grams) 
no  results  followed,  but  an  extract  of  60  grams  of  the  dried  plant 
proved  fatal  in  about  twelve  hours,  the  animal  showing  distinct 
tremors. 

Following  the  injection  of  an  aqueous  extract  representing  5  grams 
of  the  dried  plant  into  a  rabbit  weighing  3  pounds  8  ounces  (1,587. ."i 
grams)  there  were  no  tremors  and  the  rabbit  was  apparently  normal, 
though  the  temperature  rose  2.2  degrees  F.  in  two  hours  and  twenty- 
five  minutes  after  the  injection. 

A  rabbit  weighing  3  pounds  12  ounces  (1,700.8  grams)  was  in- 
jected subcutaneously  with  a  concentrated  extract  representing  10 
grams  of  dried  Eupatorium  and  no  tremors  resulted,  but  in  the  two 
and  one-half  hours  following  the  injection  a  fall  of  one-half  a  degree 
in  the  temperature  was  noted.     Death  followed  during  the  night. 

On  increasing  tlic  quantity  of  extract  until  it  represented  20  grams 
of  the  dried  plant  and  injecting  this  subcutaneously,  slight  tremors 
were  felt  on  careful  examination  by  the  hand  over  the  hips  after- 
almost  an  hour  and  a  half.  An  liour  and  forty  minutes  later  no 
tremors  were  felt  and  the  rabbit  seemed  normal.  The  temperature 
two  and  one-fourth  houi-s  after  injection  fell  2  degrees  F.  Death 
ensued  during  the  night.  * 

These  animals  had  been  kept  under  observation  for  two  weeks  pre- 
ceding the  experiment  and  had  shown  nothing  abnormal. 

BSTBACTB  FBOM  FBESM   FI.:VNT3  PBEBEBVEO  IN   CHLOKOrOBU. 

To  prepare  extracts  from  material  preserved  in  chloroform  the  fresh 
plant  was  placed  in  a  container  and  covertKl  with  water  containing 
enough  chloroform  to  prevent  fermentation.  "When  wante<l  for  use 
the  liquid  was  pressed  out  of  the  plant  and  concentrated  in  vacuo  to  the 
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proper  degree.  An  extract  representing  109  grams  of  the  dried  plant 
weighed  after  extraction  (perhaps  about  400  grams  of  the  fresh 
plant)  was  given  by  mouth  to  a  rabbit  weighing  3  pounds  5  ounces 
(1,502.5  grams),  but  no  symptoms  were  observed. 

After  a  similar  extract  representing  127  grams  of  dry  residue  had 
oeen  injected  subcutaneously  into  the  back  of  the  same  rabbit  dis- 
tinct tremors  were  shown  in  the  hips  and  masseter  muscles.  Death 
followed  during  the  night.    No  enlargement  of  the  kidneys  was  seen, 

EXTBACT8    FBOU    ABH. 

The  method  of  preparation  of  extracts  from  ash  wa.s  as  follows: 
Ten  grams  of  the  dry  herb  were  ashed  in  a  platinum  bowl  and  the  ash 
washed  into  a  porcelain  bowl  and  carefully  treated  with  acetic  acid 
to  decompose  the  carbonates,  then  evaporated  to  dryness  and  treated 
with  water.  The  free  acid  was  removed  by  repeated  evaporation.  The » 
residue  was  treated  with  water,  hut  not  all  dissolved,  perhaps  owing  to 
the  formation  of  basic  salts.  An  emulsion  consisting  of  the  solution 
with  the  undissolved  portion  when  injected  subcutaneously  produced 
marked  tremors  in  the  hips  in  rabbits  after  an  hour  and  a  quarter, 
and  later  in  the  masseter  muscles.  A  marked  acceleration  of  .the 
respiration  was  also  observed.  After  one  and  three-fourths  hours  the 
masseter  muscles  still  twitched,  but  after  two  and  oae-fourth  hours 
.slight,  if  any,  tremors  were  seen.  No  tremors  were  noted  on  the  fol- 
lowing day. 

In  ashing  plants  a  large  portion  of  the  calcium-barium  group  will 
unite  with  the  oxidized  sulphur,  forming  insoluble  sulphates,  and 
thus  be  rendered  inactive  physiologically.  Thus,  trembling  reKulted 
■from  the  injection  of  less  of  the  inorganic  salts  than  correspond.^  to 
10  grams  of  the  dry  plant.  This  muscular  twitching  is  well  known 
to  result  from  the  hypodermic  injection  of  certain  salts  (sodium, 
etc),  but  not  after  administration  by  mouth. 

An  injection  of  a  similar  extract  from  20  grams  of  the  plant  also 
produced  the  same  result, 

EFFECT  ON    CATS. 

After  an  extract  prepared  from  chloroform-preserved  material 
oorrespomling  to  50  grams  of  the  dry  plant  residue  wns  fed  to  a  cat 
weighing  1  pound  8  ounces  (680.3  grams),  emesis  followed  in  about 
fifteen  minutes.  When  an  aqueous  extract  corresponding  to  a  dry 
plant  residue  of  39  grams  was  evaporated  to  32  c.  c.  and  7  c.  c.  of  this 
extract  were  fed  twenty  minutes  after  the  emesis  referred  to  and  11 
c.  c.  were  given  thirty-five  minutes  later,  urination  and  defecation  fol- 
lowed promptly  with  renewed  emesis  in  about  ten  minutes.     Thirty 
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minutes  after  the  admin Lstration  of  the  last  dose  of  extract  14  c.  c. 
more  were  fed,  emesis  again  resulting  in  about  eight  minutes,  f  oHowed 
about  fifteen  minutes  later  by  further  effortK  toward  elimination  by 
the  intestines.  Since  in  both  dogs  and  cats  emesis  is  especially  easy, 
no  especial  significance  is  to  be  attached  to  that  phase  of  the  results. 
No  tremors  resulted  and  the  appetite  remained  as  usual. 

In  order  to  reduce  the  liability  to  emesis  which  may  follow  the 
administration  of  large  doi^en,  smaller  quantities  of  the  extract  were 
given.  If  7  c.  c.  of  an  extract  concentrated  to  32  c.  c,  representing;  a 
dried  plant  residue  of  S9  grams,  were  fed,  no  emesis  followed  for  three 
hours.  On  taking  a  further  dose  of  8  c.  c.  the  animal  vomited  within 
ten  minutes.  However,  five  minutes  after  this,  slight  movements  of 
the  skin  could  be  seen,  but  these  wei'e  apparently  only  such  cutaneous 
movements  as  are  commonly  observed  in  cats.  After  6  c,  c.  more  were 
fed  emesis  soon  followed.  The  same  result  followed  the  feeding  of  11 
c.  c.  after  a  period  of  about  fifty  minutes. 

During  the  course  of  feeding  with  Eupatorium  extracts  as  above 
indicated,  the  cat  gained  an  ounce  in  weight  in  a  week,  showing  nor- 
mal appetite  and  evacuations.  After  four  days  more  the  weight 
increased  about  5^  ounces  (155.8  grams). 

After  a  further  interval  of  two  weeks  without  treatment,  when  a 
concentrated  extract  representing  35  grams  of  plant  was  fed.  no 
tremors  or  other  abnormal  symptoms  were  to  be  noted,  although  the 
animal  was  kept  under  careful  observation.  When,  on  the  day  fol- 
lowing, an  extract  representing  65  grams  was  given  no  symptoms 
whatever  followed  other  than  evidence  of  a  somewhat  laxative  action, 
and  the  cat  continued  to  increase  in  weight.  This  animal  gained  666 
grams  during  the  month  it  was  kept  under  observation, 

EFFECT  ON    DOOS. 

An  extract  of  Eupatorium  representing  23  grams  of  the  dried 
plant  preserved  in  chloroform  when  fed  to  a  dog  kept  under  careful 
observation  produced  no  symptoms,  and  the  appetite  remained  nor- 
,mal :  temperature  iM-fore  feeding,  100.6°  F.  When,  twelve  days  later, 
a  concentrated  aqueous  extract  representing  200  grams  of  dried  plant 
was  given  to  the  same  dog,  weighing  14  pounds  12  ounces  (6,690.4 
grams),  having  a  temperature  before  feeding  of  101°  F.,  no  symp- 
toms resulted,  the  temperature  after  one  and  one-half  hours  register- 
ing 102°  F.  No  symptoms  appeared  during  observation  for  three 
more  days,  the  weight  increasing  to  15  pounds  SJ  ounces  (fi,!)5fl,S 
grams).  Eleven  days  later  the  weight  increased  to  16  pounds  l."» 
ounces  (7,C82.7  grains).  The  animal  was  very  playful  throughout 
the  investigation. 
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A  lamb  weighing  about  25  kilos  when  fed  58  grams  of  the  fresh 
plant  showed  merely  some  diarrheal  symptoms. 


The  writer  became  so  convinced  of  the  harmlessness  of  the  plant 
that  he  decided  to  take  tlie  plant  extract  himself.  Four  hundred 
grams  of  the  fi"esh  Eupatonum  agerato'ides  were  collected  at  T^nnd- 
over,  Md.,  under  tlie  supervision  of  Prof.  C.  F.  T\Tieeler,  one  of  (lie 
botanists  of  the  Department  of  Agriculture,  and  extracted  carefully 
with  water,  chloroform  being  used  as  a  preservative.  This  extract 
was  evaporated  in  vacuo  and  made  up  to  154  c.  c  At  11.10  a.  m,, 
September  30,  1907,  14  c.  c.  of  this  extract  were  taken.  Seventy-four 
c.  c.  in  all  were  taken  by  1.45  p.  m.,  without  anv  special  symptoms. 
The  taste  of  the  extract  was  exceedingly  disagreeable.  By  4.15  p.  m. 
all  but  40  c.  c.  had  been  taken ;  that  is,  an  extract  of  over  300  grams. 
No  untoward  symptoms  characteristic  of  milksickness  were  noted  the 
following  day ;  in  fact,  the  writer  never  felt  better. 

To  simulate  the  conditions  which  occur  in  herbivora,  100  grams  of 
the  dried  plant  from  Illinois  were  digested  with  pepsin  and  pan- 
creatin  and  the  concentrated  products  taken  by  the  writer  in  the 
period  of  one  hour  without  the  production  of  any  serious  symptoms. 

SUMMABT. 

To  sum  up,  it  certainly  can  not  be  said  that  it  has  been  proved  that 
milksickness  is  due  to  any  constituAit  of  EupatoHum  ageratoides. 
The  transmission  of  the  disease  by  eating  small  quantities  of  meat  or 
milk  of  animals  sick  with  the  "  trembles  "  and  the  fact  that  cooked 
meat  or  boiled  milk  "  does  not  produce  this  disorder  point  primarily 
rather'to  a  parasitic  origin,  while  the  fart  that  Eiipatorivm  agera- 
toides ^  is  abundant  in  areas  where  the  disease  is  not  known  and  ab- 
sent in  some  milksick  areas"  also  indicates  that  the  plant  has  no  re- 
lation to  the  disease.  If  it  does,  it  would  be  only  an  accidental  carrier 
of  some  pathogenic  organism.''  According  to  reports,  the  same  flora 
may  be  in  the  areas  in  which  "  trembles  "  occur  as  in  those  free  from 
it,  and  milksickness  is  also  said  to  occur  where  no  vegetation  grows 
(inclosed  pens},*     The  disease  also  has  diappeared   from  an   area 

■Sniltli,  C.  H.    Milk  SlckneB!^    Boston  Sled.  anil. Surg.  Jour.,  rol,  77,  i).  471, 
18<f7-i«.— Wood,  G.  B.     Prnctire  of  MeCiclne,  vol.  1,  p.  •IIS,  1S,'.S. 
XoTE. — Some  toxins  froai  Infected  meat  are  not  lojured  bj*  boiling. 
» Wilkinson,  U.  W.,  1.  c,  |i.  153.— (irnff,  G.  It.,  1.  i-  \>.  ,3G1. 
«  BrewiuKton,  W.  J.     MitkxlckneFa.    The  Clinic,  Cincinnati,  vol.  10,  p.  77,  lR7e. 
*  Walker,  J.  W.,  I.  c.  p.  4.S3. 
'  Wiikiniion,  G.  W.,  I.  c„  p.  153. 
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after  simply  clearing  the  woodlaud  where  it  occurred  and  turning  it 
into  pasture."  Again,  severe  epidemics  have  occurred  in  winter  when 
the  foliage  has  disappeared,  which  would  tend  to  exclude  the  liiglier, 
non-evergreen  plants  as  the  cause  of  this  disorder.  In  fact,  all  the 
evidence  in  hand  is  against  the  causation  of  this  disease  by  such  plants, 
and  certain  analogies  with  cases  of  botulismus  suggest  a  suniewhal 
similar  cause.  If  there  is  any  truth  in  the  statement  that  cattle  ex- 
posed in  pasture  to  night  air  especially  contract  the  disease,  this  fact 
might  suggest  the  more  or  less  direct  connection  of  some  night  organ- 
ism as  a  carrier  of  the  parasite,  and  certain  parasites  are  suppo»;d  to 
be  associated  with  certain  localities. 

Very  little  is  known  chemically  of  Eupatorium  ageratoidea. 

■Heeringen,  p;.,  1.  c:,  p.  0. 

Notes. — A  full  bibliography  cau  be  (onnd  In  Scbachardt,  B.,  Die  Mllch- 
icrankb.  d.  N'oi-d  Amerlkaner,  JaDu.'i.  vol.  2,  pp.  437,  625,  1897-08. 

The  nioxt  Interesting  experimental  paper  Is  that  ol*  Oraff,  while  tbat  at 
Drake  le  valuable  for  Its  fund  of  personal  experiencee  as  told  by  the  settlers, 
and  that  of  Schuchardt  is  the  bent  literary  handling  of  tbe  question. 

Eupatorium  perfoliatum,  a  closely  allied  plant,  has  ret-elved  some  chemical 
attention,  and  u  nofinltrogenous  bod,v,  eupntorln,  has  been  obtained.  While  tbe 
author  ntates  It  will  kill  mice  on  subcutaneous  Injection,  be  falls  to  give  the 
dose,  and  nothing  can  be  drawn  from  this  Fejwrt  as  to  Its  physiological  nrtivlty, 

Shaniel,  ('.  H.  Eupatorin  :  Tbe  Active  Principle  of  Bupatoriiuu  PertDllatam. 
Am.  Cbem.  .Tour.,  vol.  14,  p.  224,  1802. 

Latin.  G.  Eupatorium  Perfoliatum.  Phanu.  Jour,  and  Trans.,  3  8.,  voL  11, 
p.  192,  1881. 
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MOUNTAIN  LAUREL,  A  POISONOUS  PLANT." 

By  Albebt  C.  Cbawford,  Pharmacologist,  Potionoiu-Plant  Invegligatiotu. 


HISTOBICAL  IZTTBOSUCnON. 

Many  members  of  the  Ericacete,  or  heath  family,  contain  principles 
which  are  injurious  to  man  and  to  animals.  Of  these  the  members 
of  the  genus  Kalmia  especially  interest  us  on  account  of  their  wide 
distribution  in  the  United  States  and  from  the  fact  that  many  cases 
of  poisoning  in  animals  have  been  attributed  to  them.  This  genus  is 
American  in  origin,  but  is  found  mainly  in  the  Eastern  States.  The 
members  of  this  group  received  their  generic  name  iij  honor  of  Peter 
Kalm,  but  their  popular  name,  laurel,  was  given  on  account  of  the 
resemblance  of  their  leaves  to  those  of  the  English  laurel  tree,  a 
member  of  an  entirely  different  family.*  On  account  of  the  beauty 
and  perfection  of  their  flowers  they  were  once  proposed  as  a  national 
emblem.* 

Of  these,  mountain  laurel  (Kalmia  latifolia),  shown  in  Plate  II,  is 
probably  the  most  important.  North  of  Maryland  it  is  usually 
known  as  mountain  laurel,  while  south  of  Maryland  it  is  sometimes 
known  as  ivy,'  It  has  also  received  many  other  names,  as  calico 
bush,"  laurel/  sheep  laurel,  mountain  ivy,'  wintcrpreen,  great  laurel,* 

'The  mouutnin  liiurel,  Kalmia  latijolia  L..  bait  Iudk  been  retxjgnlzed  by  many 
people  am  one  of  onr  most  dendly  sLrubs.  It  is  a  iwlson  fatiil  tu  live  stock,  es- 
pecially to  sheep  and  goatf.  wlilcb  seem  more  likely  tliaa  cattle  and  liorsea  to 
browee  on  it.  Tbo  Bureau  of  Plant  Industry  ie  In  receipt  of  letters  inquiring 
Into  the  facts  concerning  Its  action  and  the  methods  of  treating  gxilsoned  stock. 

Dr.  Albert  C.  Crawford,  Pharmacologist,  under  the  direction  of  Dr.  Rodney 
H.  True,  Physiologist  In  Charge  of  the  Poisonous- PI uut  InvestlKntiuiis  of  this 
Bureau,  has  given  the  matter  laboratory  study  with  the  results  here  l)rieflT 
slated.— B.  T,  Galloway,  Chief  of  Bureau. 

tiKalDi,  V.    Travels  Into  North  America,  2d  ed.,  vol.  1,  p.  203.  London,  1772. 

"  Bailey,  L.  H,  Cyclopedia  of  American  Horticulture,  4th  ed.,  vol.  3,  p.  854, 
1006. 

'GronoviuB.  J.  F.    Flora  Virgin.,  pt.  2,  p.  160,  1743. 

•Coulter.  S.  Cotalogtie  of  Flowering  Plants  •  •  •  Indigenous  to  In- 
diana. Dept.  Geot.  and  Nat.  Resources  of  Indiana,  ^th  Ann.  Rept..  1399,  p. 
6OT. 

'  Gronovlns,  J.  F.,  I.  c,  p.  IGO. 

'Smith,  J.  E,  Natural  History  of  the  Barer  Lepidopterous  Insects  of 
Georgia,  vol.  1,  pi.  73,  1797. 

» Cutler,  M.  Account  of  Some  of  the  Vegetable  Productions  Naturally 
Growing  In  This  Part  of  America.  Amer.  Acad.  Arts  and  Scl.  Alem.,  vol.  1,  p. 
442,  17S0. 
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American  laurel,'  wicky,  rose  laurel,  etc.  The  Pennsylvania  moun- 
tain laurel '  (Rhododendron  maximum)  is  a  closely  allied  species, 
while  in  California  the  name  mountain  laurel  is  applied  to  Oreo- 
daphne  califomica,''  a  member  of  the  family  of  liaura^eK. 

Mountain  laurel  usually  occurs  as  a  shrub,  grovring  from  5  to  15 
feet  high,  but  in  the  Blue  Ridge  Mountains  of  North  Carolina  it  has 
been  seen  reaching  to  a  height  of  25  or  30  feet.* 

The  species  extends  from  New  Brunswick  and  Canada  to  Florida, 
and  through  the  Gulf  States  to  Louisiana  and  Arkansas,  but  is  espe- 
cially abundant  through  the  Eastern  States  along  the  Alle^eny 
Mountains,  where  it  forms  dense,  impenetrable  thickets."  In  spite 
of  the  name  "  mountain  laurel "  it  grows  on  hills  and  banks  in  the 
lowlands,  but  especially  along  the  courses  of  streams.  The  leaves 
are  of  a  tough,  leathery  consistency  and  are  evergreen.  The  flowers, 
which  are  nearly  destitute  of  odor,  have  a  peculiar  arrangement  of 
their  stamens,  which  bend  over  with  their  brown  anthers  projecting 
into  pockets  in  the  corolla/  so  that  when  this  flower  is  visited  by  a 
bee  they  fly  back,  scattering  the  pollen  over  its  own  stigma,  and  also 
over  the  insect,  which  then  carries  it  to  other  flowers,  securing  cross 
pollination.  The  flowers  have  a  waxlike  appearance  and  vary  from 
a  white  to  a  rose  color.  The  wood  of  the  mountain  laurel  is  close 
grained-and  hard  and  is  a  substitute  for  boxwood,  and  it  may  be  used 
for  making  handles  of  small  toots,  etc'  The  powder  covering  the 
leaves  has  been  used  as  a  snuff.*  The  laurel  leaves  have  been  utilized 
ever  since  the  time  of  the  colonists  as  one  of  tiis  avei^reens  for 
Christmas  decorations.' 

"  Coulter,  S.,  1.  c,  p.  607. 

>  Marshall,  H.    Arbust.  Amer.,  p.  127,  178S. 

"  RepoitB  of  Bxploratlone  and  Surveys  *  *  for  a  Ballroad  from  the  Hla- 
alsslppl  Biver  to  the  Pacific  Ocean,  1853-51.  Senate  Doc.,  2d  Sesa.,  33d  Cods., 
vol.  13,  pt.  4,  p.  133,  1856. 

'Aaron,  C.  E.  Our  Common  Poisonous  Plants.  Cram's  Magazine,  1900,  vol.  2, 
p.  602. 

*  Sargent,  C.  S.  Report  on  the  Forests  of  North  Am^ca,  lOtb  Cmsus.  p.  98, 
1884. 

f  The  details  ae  to  the  historical  structure  of  this  plant  will  be  found  In  the 
following  works: 

Paschkis,  H.  Contributions  to  a  Closer  Knowledge  of  Some  Uttle-Known 
Leaves.  Pharm.  Jour,  and  Trans.,  3d  ser.,  vol.  12,  p.  86,  1881-82.  Also  Zelts. 
d.  allg.  oest.  Apoth.-verelnes,  vol.  18.  p.  434,  ISSO. 

Breltfeld,  A.  Der  anatom.  Bau  d.  BlUtter  der  Rhododendroldes  In  Betie- 
huug  zu  Ibrer  systematlscben  Grupplrung  und  zur  get^raphiscben  Verbreltung. 
Botan.  Jahrb.,  vol.  fl,  p.  319,  1887-88. 

Vesque,  Jullen.  Caract^res  des  Prlnclpales  Families  Gamopetales  TlrCa  de 
I'Anatomle  de  la  Feullle.  Ann.  des  Scl.  Naturel.  Botan,,  Tth  ser..  vol.  1,  p.  240, 
18%. 

Solereder,  Hans.    System.  Anatom.  d.  Dlcotyledonoi,  1890,  p.  541-551. 

'  Emerson,  G.  B.    Trees  and  Shrubs  of  Massachusetts,  toL  2,  p.  440. 1875. 

*  Browne,  D,  J.    Trees  of  America,  p.  364. 

*  Kalm,  P.,  1.  c,  p.  264. 

121-11  DigilizedbyGoO^^lC 


But  121,  Pi.  II,  B<jT«u  OIPlwil  InduIUy.  U,  S,  Dtpt.  of  Agricu 


Flowering  Branch  of  Mountain  Laurel  IKalmia  latifolia,  U). 


Digitized  bvGoO^^IC 


,db,GoOglc 


MOUNTAIN   LA.UBEL,   A   POISONOUS  PIAKT.  28 

Notices  of  this  plant  occur  in  the  early  botanies'*  and  books  of 
American  travel.  Capt  John  Smith  describes,  in  his  Glenerall  His- 
torie  of  Virginia,  1624,  volume  I,  page  10,  a  "  Kinde  of  tree  like 
Lowrell,"  while  Hudson  in  1609  mentions  "  rose  trees  "  as  occurring 
on  Cape  Cod.  Cateshy  describes  it  under  the  name  Chamaedaphne 
foliia  tini,  floribus  buUatis  umbellatis,  and  says  distinctly  that  "  When 
cattle  and  sheep,  by  severe  winters  deprived  of  better  foo<I,  feed  on 
the  loaves  Of  these  plants,  a  great  many  of  them  die  annually." "  The 
Delaware  Indians  are  said  to  have  used  a  decoction  of  these  leaves  for 
suicidal  purposes. '^ 

Public  attention  was  especially  called  to  this  plant  by  Peter  Kaim, 
the  Swedish  botanist,  after  whom  LinnEeus  named  the  genus  Kalmia. 
He  described  it  under  the  name  "  spoon  tree,"  because  the  Indians  at 
that  time  made  spoons  of  this  wood.  During  his  travels  in  America 
in  1748  he  noted  that  calves  which  had  eaten  of  tha  leaves  became 
"  sick,  swelled,  foamed  at  the  mouth,  and  could  hardly  stand,"  and 
reported  from  the  observations  of  the  colonists  that  sheep,  especially 
young  ones,  died  very  quickly  after  eating  of  these  leaves,  and  that 
horses,  oxen,  and  cows  were  made  sick  but  seldom  died,  as  these  ani- 
mals ate  only  small  quantities  of  the  leaves.  Deer  and  partridges 
were  said  to  feed  on  the  leaves  with  impunity,  and  the  venison  from 
these  deer  was  harmless  to  man."  A  snake  was  said  to  have  been 
killed  by  dropping  a  tincture  of  this  plant  on  its  back.* 

John  Bartram,  an  early  American  botanist,  was  an  ardent  lover 
of,  and  writer  on,  mountain  laurel,  and  by  him  it  was  brought  to' 
Collinson's  attention,  who  then  introduced  it  into  England  about 
1734.'  It  would  seem  more  appropriate  to  have  named  the  genus 
after  him,'  as  his  work  antedated  that  of  Kaln^.     During  General 

"Van  der  Donck.  A.  Vertoogh  van  Nleu  Nederland,  1S50,  Translated  by 
H.  C.  Murphy,  1854,  p.  10.— Pliikenet,  L.  Almagest,  botan.,  1700,  p.  106;  Alma- 
gest, botan.  Mantissa,  lim,  p.  4n,— Oronovlus,  J.  F.,  !.  c.  p.  160.— Llnnwus,  G. 
Spec.  Plant.,  Ed.  Wllldenow,  vol.  2,  p.  000,  1799.  Spec.  Plniit..  vol.  1.  p.  303,  1753. 
Amcen.  Acnd.,  vol.  3,  p.  13,  1704,— Trew,  C.  J.  Plantie  Selects,  1750,  pi.  38, 
Ray,  J.  HiBt.  Plant.,  vol.  2.  |i.  1927,  London,  16S8.  [Bannlster'B  lint  Df 
1680.1- Hudson,  H.  Discourse.  Collections  o(  the  New  York  Historical  Soci- 
ety for  the  year  1800,  vol.  1,  p.  121. 

*  Catesby,  M.    Natural  History  of  Carolina,  vol.  2,  it.  ©S.  1743. 

"  Barton,  B,  8.  Some  At-coiint  ot  the  Poisonous  and  Injurious  Honey  of  North 
America.    Amer.  Phil.  Soc.  Trans,,  1802,  vol.  6,  p.  61. 

*  Kaim,  P.,  1.  c,  pp.  264-205. 

*  Barton,  B.  S.  CoUectiona  for  an  EBsay  towardn  n  Slaterin  Medica  of  tile 
United  States,  pt.  2,  p.  27,  1S04. 

'Alton,  W.    HortuB  Keweusla.  vol.  2,  p.  64.  1789.— Catesby,  M..  1.  c,  p.  08. 

V  Darlington,  W.  MemorlniR  of  John  Bartram  and  Humphry  Marshall,  pp. 
130,  141,  228,  etc.,  Philadelphia,  1R49,— Bartram,  John,  Observations.  Ixindon, 
1751,  pp.  26  and  0». 
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Braddock's  campaign  against  the  French  and  Indians  in  1755  many 
horsfts"  were  lost  from  eating  mountain  laurel.  The  plant  was  intro- 
duced into  France  by  Michaux.*  In  1802  Greorge  G.  Thomas'  per- 
formed some  experiments  with  Kdlmia  latifolia  and  K.  cmgu»tifolui 
on  himself,  on  a  friend,  and  on  some  dogs.  These  experiments  he 
embodied  in  an  inHugiiral  dissertation  which  was  presented  to  the  Uni- 
versity of  Pennsylvania.  Six  to  15  grains  (0.4  to  1.0  grsm)'  of  the 
dried  leaves  produced  distinctly  unpleasant  symptoms — rapid  pulse,  a 
feeling  of  fullness  with  pain  in  the  head,  throbbing  of  the  temples, 
with  nausea,  vomiting,  and  dilatation  of  the  pupils.  In  dogs  the 
administration  of  a  decoction  of  .30  grains  (2  grams)  was  followed 
by  marked  salivation,  with  stupor,  rapid  re.spiration  and  purgation, 
paralysis,  and  finally  convulsions.  Thomas  made  the  interesting  ob- 
servation that  if  the  laurel  was  mixed  with  lard  the  toxic  symptoms 
were  much  lessened.  He  examined  the  distillate  from  the  leaves  for 
an  essential  oil,  bilt  failed  to  find  any. 

After  Thomas,  several  experimenters  reported  on  the  action  of 
mountain  laurel  upon  themselves.  Bigelow,'  who  saw  the  dried 
leaves  taken  in  doses  up  to  20  grains  without  producing  symptoms, 
questioned  if  the  leaves  had  a  specific  action,  and  traced  any  injurious 
effect  they  might  exert  to  their  indigestibility.  Others,  as  Osgood,* 
Stabler,'  and  an  anonymous  author  in  the  Boston  Medical  and 
Surgical  Journal,  volume  10,  page  213,  reported  severe  symptoms  on 
themselves. 

This  action  was  compared  with  that  of  Veratnim."  From  this 
time  on  few  i-eports  of  experiments  were  published,  yet  the  number 
of  cases  of  poisoning  iu  stock  reported  to  the  Department  of  Agri- 
culture induced  the  Commissioner  to  call  attention  to  this  subject  in 
his  report  of  1H03.*  Sheep  are  the  animals  usually  reported  as 
affected  by  the  plant.  Under  ordinary  conditions,  however,  eastern- 
bred  sheep  will  not  eat  the  plant  unless  they  are  starved  or  their 
supply  of  given  or  attractive  food  has  l)een  cut  off. 

As  is  well  known,  most  of  the  cases  of  poisoning  occur  in  winter,' 
whon  the  laurel  is  the  only  gi-een  plant  around,  although  western-bred 

"Burtou.  B,  S.,  1.  c,  \i.  Co. 

"Hrowue,   I).  J.     Ti-ees  ot  Auiei-ka.  |i.  3C4. 

<^TLoiuiis,  G.  G.  Inuugural  Dlsfertutioii  ou  the  Kaliuln  I^tlfolln  and  Aiigus- 
tifotlii,  Phllnili'liililii.  I.so-J. 

"•BIkcIow,  J.    Auier.  aieci.  Bot..  voi.  1,  |>,  140,  1S17. 

'  Blgelow.  J.,  1.  c.  vol.  3.  ji.  isr.,  is*. 

'Stnbler,  R.  H.  On  Kalnilu  Ijitlfoliu.  Aiiier.  Jour,  rharni.,  u.  b.,  vol.  10,  ii. 
241.  1S45. 

^Mwlicii]  I'ro|>erties  of  the  Kalinin  Ijilifolin,  Boston  Mml.  and  Surg.  Jour„ 
vol.  10,  p.  213.  183-1. 

*  KeiKirt  ot  the  CouinilHsloner  of  AKrlfTiltiiri»  for  IStJS,  p.  242, 

'  Ueaiiirknble  Infitance  of  the  Absunce  of  Animal  IiiHtiuct.  Peniiy  MagaElDe, 
vol.  7.  p.  iS-t,  1.S38. 

Digitized  bvCoO^^IC 


MOUNTAIN   LAUBEL,   A  POISONOUS   PL.\NT.  25 

sheep  if  suddenly  turned  into  a  laurel  area  may  eat  it  at  any  time. 
As  the  leaves  are  tasteless  and  of  a  tough,  leathery  consistency,  it  is 
vei-y  evident  why  animals  will  not  eat  the  plant  under  ordinary  con- 
ditions. 

A  good  illustration  of  actual  poisoning  is  given  by  Rusby"  where 
out  of  a  flock  of  1,000  sheep  which  escaped  into  a  laurel  area,  at  least 
27  showed  symptoms  of  poisoning.  Those  affected  were  mainly  the 
young  ones.  In  these  cases  the  tracks  on  the  snow  around  the  bushes 
and  the  presence  of  leaves  in  the  stomach  showed  conclusively  the 
cause  of  the  trouble.  Halsted''  reported  poisoning  in  cows  after 
eating  laurel  wreaths  which  had  been  thrown  from  a  cemetery  into 
their  pasture.  A  striking  case  occurred  in  the  National  Zoological 
Park,  Washington,  D.  C.,  where  six  Angora  goat.s  were  ijoisoned  by 
laurel  thrown  to  them  by  visitors;  .later,  a  Diana  monkey  died  with 
typical  symptoms  after  eating  the  leaves  held  to  it  by  a  visitor.  The 
leaves  of  the  plant  were  foimd  in  the  monkey's  stomach.  The  post- 
mortem examination  in  this  case  was  negative.  Since  these  poison- 
ings occurifd  visitors  have  been  prohibited  from  carrying  laurel  into 
the  park. 

'Barton  in  1802 '  called  attention  to  the  fact  that  the  honey  made 
from  Kalmia  angustifoUa  was  poisonous  to  man,  and  while  no  dii"ect 
proof*  has  been  published  that  honey  made  from  A'.  IntifoJia  is 
poisonous  it  is  perfectly  logical  to  suppose  that  it  is,  as  Plugge  found 
that  honey  made  from  Rhododendron  ponticnm,'^  a  closely  related  " 
plant,  gave  the  same  chemical  and  physiological  tests  on  frogs  and 
mice  which  he  considers  characteristic  of  its  active  principle,  androme- 
dotoxin.  Rhododendron  pontieum  is  the  plant  which  is  supposed  to 
have  yielded  the  honey  which  poisoned  Xenophon's  '  army. 

Under  these  circumstances  the  Secretary  di  Agriculture  advised 
against  raising  bees  in  the  neighborhootl  of  momitain  laurel.  An 
unpublished  report  is  on  file  at  this  office  of  investigations  in  which 
extracts  of  mountain  laurel  were  mixed  with  honey  and  fed  to  bees. 

"  Hiisby,  H.  II.  The  rolsoiioiis  rro|)ertle8  of  Mountalu  Ijitirel.  Drug.  I'lr. 
niul  Cliem.  Gnz.,  vol.  4S,  p.  27,  1902. 

*  Hiilated.  B.  D.  ElgUtb  Anmmi  Ilei>ort  of  the  New  Jersey  AKrlfiiltural 
College  Experiment  Station  lor  1SU5,  p.  .%5,  1806. 

'' ItnrtoD,  B.  S.  Some  Account  of  the  Toisouous  and  Injurious  Honey  of 
XortU  America.    Amer.  Phil.  Soc.  Trnns.,  1S02,  vol.  5.  p.  59. 

■■  Amerlciiu  Itee  Journnl.  iNJKi,  |ni.  52,  H(i,  24fi.  2U2.— Koot,  A.  I.  A  IS  V-  of  Ilee 
Culture,  p.  240. — Honey  from  Mountain  Laurel.  American  Bee  Joumal,  vol. 
35,   p.   825,   1805. 

'  I'lugge.  r.  O.  Oiftlger  Honig  von  Rhodoilendron  iionHemn.  .\rcb.  A.  I'harm., 
vol.  220,  p.  55*,  18B1. — Thresh,  J.  C.  Notes  on  Treblzonde  Honey.  Pharin. 
Jour,  and  Trnns.,  IR87-88,  vol.  IS,  pp.  »)?.  404. 

'Plluy.    Nat.  HlBt.  (Translated  by  Bostoi-k  and  IMloy).  vol.  4,  p.  341.— Ab- 
bott. K.  E.     Letter,  In  Proc.  Zoolog.  Soc-  London,  pt.  2,  p.  50,  1834, 
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The  name  of  the  investigator  can  not  now  be  ascertained.  These  bees 
are  said  to  hdve  sliown  no  symptoms,  but  the  honey  they  made  pro- 
duced typical  symptoms  in  two  persons  Tvho  ate  it.'  It  has  been 
claimed  that  the  flesh  of  birds  after  eating  laurel  is  poisonous  to 
tnan,''  but  Wilson,"  Audubon,^  and  Aaron '  state  that  they  have  fre- 
quently eaten  without' injury  partridges  whose  craws  were  filled  with 
laurel  leaves  and  buds.  It  is  probable  that  many  of  these  oases  of 
poisoning  were  i-eaily  due  to  ptomaines,  as  they  usually  occurred 
from  undrawn  animals. 

There  are  few  cases  in  man  of  poisoning  with  laurel.  Children  are 
said  to  have  been  poisoned  by  eating  the  plant  in  mistake  for  Gaul- 
the'ria  jtrocumhens/  although  there  are  no  published  cases  to  that 
efifect.  Laurel  is  claimed  *o  be  used  in  certain  liquors  to  render  them 
more  intoxicating,"  Barton  *  noted  that  the  blowers  of  Kalmia  Jali- 
folia  would  produce  a  vesicular  eruption  in  certain  persons. 

ETFECT  OF  KOUNTAIH  IJAUBEL  ON  SHEEP. 

Stable-fed  sheep  and  lambs  were  turned  into  an  inclosed  area  in 
which  the  mountain  laurel  was  the  only  green  plant.  These  shet'p, 
which  wen-  kept  under  observation  for  several  hours,  refused  to  do 
more  than  merely  nibble  at  the  leaves,  and  when  placed  in  grassy  areas 
where  this  plant  was  growing  they  positively  refused  to  touch  it. 
These  observations  agree  with  those  of  Wood '  on  Kalmia  angusti- 
folia.  Other  animals  besides  slieep  seem  disinclined  to  eat  it.  Kalin 
repoi'ted  in  1754  that  the  leaves  of  the  trees  in  Pennsylvania  were  de- 
voured by  a  worm,  but  that  the  mountain  laurel  leaves  were  un- 
touched.' 

Sheep  weighing  about  50  pounds  (2.')  kilas)  were  fed  with  doses 
of  5,  10,  15,  25,  and  35  grams  of  the  dried  groimd-np  leaves  in- 
closed in  gelatine  capsules  without  producing  poisonous  symptoms. 
P'ifty  grams,  wlien  given  to  a  sheep  weighing  33.5  kilos,  indueeil  a 
stjiggering  gait  and  slight  salivation,  but  dases  of  85  grams  would 
cause  death  in  a  very  few  hours  unless  diarrhea  set  jn.    Under  these 

iTiilHibllBlieil  niiHwfr  tii  inijulry. 

"  Bnrtoii,  n.  S.,  I.  c,  p-  00.— Elliot,  D.  O.  "  Omiie  Blnls  "  of  the  ITnlted  StateB. 
Ut'iHirt  "f  tlie  C<niimi«sioiier  <rf  A^rlfultnre  lor  1S(H,  i)p.  303,  3fl4,  1S65. 

<■  Wilson,  A.,  mill  Boimimrte,  C.  I*  Auter.  Ornltli«l(^sy-  vol.  2,  p.  Sltl,  Billii- 
InirKli,  1S:)1. 

^AHiltilwii,  J.  J.    lllrda  of  America,  vol.  5,  p.  7B,  1S71. 

'  Aiiroii.  C.  E.    Crnm'B  Mnnazlue.  vol.  2,  r.  BIK>,  IIKX). 

'  UniwbllBhwl  rorresiwmk'uce-     id.  Watkliis.  ]S!M>.) 

UCInjRimt.  V.  K.  I'rincliml  Toisoiioua  I'lfuits  of  T"nlte<l  States.  V.  S.  l>ept. 
Aei-..  DIv.  Bot.  Bui,  20,  |).  4S. 

^  Barton,  B.  S.  CollectlonH  for  nn  Kswiy  Towunla  a  Jilnterla  Meillcn  of  Iht> 
UiiittNl  Stntos,  11.  Ip,  1«(M. 

*  Wooil,  T.  F.  Is  Sliei'p  Ijuirel  I'oiwmoua  to  SlieepV  ,.\merican  Agrleul- 
lurlHt.  vol,  -12,  p.  fi«,  IWB. 

/  Kiilui.  I'.,  1.  c,  vol.  1,  p.  200, 
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conditions  sheep  have  survived  this  dose.  In  starved  animals  no 
doubt  smaller  doses  would  be  poisonous. 

One  expei'iment  was  with  a  sheep  about  7  years  old;  weight  about 
■22.5  kilos.  On  June  1,  1905,  at  11:05  a.  m.,  the  temperature"  was 
104.5°  F.,  respiration  60,  pulse  90  per  minute.  A  slight  secretion  from 
the  nostrils  was  present  owing  to  a  coryza  ;  pupils  about  one-fourth  of 
nn  inch  wide;  the  conjunctival,  buccal,  and  mucous  membranes  nor- 
mal. Eighty-five  grams  of  powdered  dried  laurel  leaves  in  sealed 
gelatine  capsules  were  given.  The  feeding  lasted  twenty-five 
minutes. 

Following  the  administration  of  the  capsules  little  inclination  to 
eat  was  manifested,  urination  and  slight  defecation  taking  place  dur- 
ing the  first  hour.  At  1  p.  m.,  respiration  was  110  per  minute,  pulse 
117,  temperature  104"  F.  Marked  disinclination  to  move  was  shown, 
the  sheep  permitting  itself  to  be  easily  turned  on  its  side.  It  ate  only 
sparingly.  Two  hours  after  taking  the  laurel  leaves  urination  was 
repeated  and  slight  emesis  set  in,  followed  soon  by  mental  dull- 
ness, as  shown  by  decreased  attention  to  surrounding  objects,  with 
a  los-s  of  alertnes.s,  while  the  face  took  on  a  sleepy  appearance  and 
saliva  began  to  accumulate  aliout  the  mouth.  Respiration  was  some- 
what labored  and  the  unsteadiness  in  gait  became  marked.  Two  and 
three-fourths  hours  after  eating  the  laurel  the  sheep  assimied  an 
awkward  attitude  in  standing,  the  hind  legs  being  set  wide  apart. 
Repeated  emesis  became  a  prominent  feature  and  continued  for  about 
an  hour,  the  ejpcta  being  thin  and  mustard-like.  Apparently  to  facil- 
itate breathing,  the  mouth  was  kept  open  most  of  the  time.  Weakness 
and  unsteadiness  increased  until  three  and  one- fourth  hours  after  eat- 
ing the  laurel.    At  this  time  it  was  difficult  for  the  animal  to  stflnd. 

At  2i40  p.  m.  the  temperature  was  107°  F.,  respiration  50  per  min- 
ute, pulse  124,  The  pupils  were  of  the  same  size  as  before  tlie  feeding. 
The  abundant  nasal  secretion  at  this  time  became  a  very  markeil 
symptom,  and  continued  so  throughout  the  historj'  of  the  case. 
Weakness  increased  until  the  animal  could  not  stand,  and  a  dimin- 
i-shed  sensitiveness  to  skin  irritation  was  noted.  Death  ensued 
quickly  at  3:0(J  p.  m.     No  convulsions  were  noted  at  any  time. 

The  post-mortem  examination  was  made  at  once,  Tlie  sheep  ap- 
peared to  be  well  nourished.  Some  mustard -colored  ejecta  were 
found  in  the  tracHea  as  well  ns  in  the  bronchioles.  The  lungs  crepi- 
tated markedly,  but  showed  no  special  amount  of  fluid.  The  pleural 
cavity  contained  no  increased  amount  of  fluid.  The  mucous  mem- 
branes were  not  discolored.  The  heart  contained  no  clots,  was  not 
dilated,  and  contained  only  a  little  dark  blood.  The  stomach  was  full 
of  food  and  its  walls  showed  no  signs  of  irritation.    The  intestines 

'la  all  cases  tlie  toutieratiire  was  liikeu  by  the  rectum. 
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were  apparently  congested,  but  showed  no  liemorrhages.  The  small 
intestines  were  more  or  less  filled  with  thin  normal-looking  contents. 
The  kidneys  appeared  normal,  the  bile  was  of  a  dark-green  color,  and 
the  bladder  was  contracted  and  empty.  The  central  nervous  system 
was  not  examined. 

The  bile  from  this  sheep,  which  amounted  to  about  20  c.  c,  wa^ 
treated  with  alcohol,  and  after  evaporating  off  the  alcohol  in  vacuo 
was  precipitated  with  lead  acetate.  The  filtrate  when  freed  from 
lead  by  H^S  and  injected  into  guinea  pigs  produced  absolutely  no 
symptoms  characteristic  of  laurel  poisoning. 

On  May  22,  1905,  one  of  the  yearlings  previously  used,  weighing 
2i.5  kilos  (49  pounds),  was  fed  with  90  grams  of  powdered  dried 
laurel  leaves  in  sealed  gelatine  capsules,  the  feeding  begiiming  at 
1;15  a.  m.  and  taking  about  fifteen  minutes.  Before  feeding,  the 
pulse  was  135,  respiration  50  jier  minute,  rectal  temperature  103.9°  Y, 
After  forty-five  minutes  an  increased  secretion  of  saliva  became  evi- 
dent about  the  mouth  and  the  sheep  nibbled  slightly  at  the  grass.  At 
11 :15  p.  m.  the  temperature  was  105°  F.,  the  head  was  held  low,  respi- 
ration was  somewhat  labored,  and  saliva  ran  profusely  from  the 
mouth;  pulse  104,  respiration  irregular,  144  per  minute,  pupils  un- 
changed. Two  and  a  quarter  houi-s  after  feeding,  the  animal  became 
less  active,  the  ears  were  held  back,  and  the  general  aspect  was  that 
of  a  sheep  half  asleep.  Respiratory  and  salivary  symptoms  contin- 
ued, the  animal  standing  with  (,he  hind  legs  wide  apart  and  showing 
evidence  of  weakness  in  the  hind  quarters  by  a  staggering  gait. 

Four  hours  after  feeding,  profuse  nasal  secietion  became  a  con- 
spicuous feature  and  weakness  increased  to  such  a  degree  that  (he 
subject  was  unable  to  stand;  respiration  120,  temperature  104°  F. 
The  nostrils  were  moist;  pupils  normal.  Convulsions  soon  appeareil. 
with  sensitiveness  to  touch  persisting  in  the  conjunctiva;  knee  jerks 
active,  jjupils  a  trifle  dilated.  Ten  minutes  later  emesis  followed. 
Respiration  was  apparently  increasingly  difficult.  The  hind  legs 
seemed  stiff.  At  3  :oO  p.  m.  the  pulse  Mas  104  per  minute,  temperature 
103.8°  F.,  with  continued  attempts  at  emesis  and  repeated  tossing  of 
the  head  from  side  to  side ;  pupils  normal.    Death  ensued  at  9 :30  p.  ni. 

Kg  discoloration  of  the  mucous  membranes  was  noted,  and  con- 
.stipation  prevailed  during  the  period  of  observation.  At  no  time  was 
a  marked  thirst  shown.  The  post-mortem  examination  made  the  fol- 
lowing day  showed  the  trachea  injecte<l  and  very  moist  and  two  or 
three  teaspoonfuls  of  pure  senmi  in  (he  pleural  cavity.  The  lungs 
were  owlematous.  The  auricles  were  relaxed  and  filled  with  black 
clots:  the  left  ventricle  containetl  very  little  black  blood,  while  the 
right  ventricle  contained  very  much  more.  The  abdomen  was  dis- 
tended with  gas.  The  stomach  was  partially  filled  with  food;  the 
second    and    third   stomach    walls   showed   no   special   lesions,   but 
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the  intestines  throughout  showed  marked  hemorrhagic  enteritis. 
The  small  intestines  contained  very  little  solid  matter,  but  there  was 
some  well-formed  fecal  matter  in  the  coeciim.  The  liver  waa  perhaps 
a  trifle  pale  and  the  kidneys  were  slightly  injected.  The  spleen 
showed  no  macroscopic  change.  In  none  of  these  cases  was  it  pos- 
sible to  secure  the  urine  for  examination,  as  the  bladder  was  found 
empty. 

On  October  14,  1905,  a  five-year-old  (?)  sheep,  having  a  tempera- 
ture of  lOLS^F.,  at  1 :20  p.  m.  was  given  90  grams  of  fresh  laurel  leaves 
ground  up  and  mixed  witli  meal.  The  ration  was  practically  ail 
eaten  at  3 :20  p.  m.,  when  the  temparature  stood  at  104°  F.  At  0  o'clock 
on  the  next  morning  a  failure  of  appetite,  together  with  slobber- 
ing, was  noted.  Numerous  soft  stools  were  found  in  the  pen  during 
the  day.  At  10 :12  a.  m.  increased  salivary  secretion  produced  a  frothy 
appearance  about  the  mouth  and  the  sheep  held  its  head  low.  At  2 :15 
p.  m.  slight  emesis  and  marked  secretion  of  nasal  mucus  occurred  ac- 
companied by  a  temperature  of  103.5°  F.  Twenty-five  hours  later 
the  slobbering  had  ceased,  but  the  appetite  had  not  returned  and 
the  temperature  stood  at  102.9'^  F.  Twenty-two  hours  later 
(1 :45  p.  m.,  October  17)  the  temperature  was  103.5°  F.  and  the  ani- 
mal seemed  normal.  The  presence  in  the  pen  of  numerous  soft  stools 
was  noted.    The  sheep  recovered. 

EFFECT  OF  MOUNTAIN  LAUBEL  ON  BABBITS. 

On  February  6,  1905,  a  rabbit  weighing  2,096  grams  received 
hypodermically  one  drop  of  aqueous  e.'stract  of  laurel  (1  gram  of 
dried  leaves  in  3.75  c.  c.  of  water).  Further  administrations  were 
made  as  follows:  February  13,  2  drops;  February  21,  3  drops;  Feb- 
ruary 25,  4  drops;  February'  2?.  G  drops;  March  3,  9  drops;  March 
7.  12  drops;  March  10,  14  drops:  March  22,  20  drops.  On  the  last 
date  evidence  of  laurel  action  appeared  and  a  slight  loss  of  appetite 
was  noted.  On  Miirch  30.  25  drops  wei«  administered  as  before,  fol- 
lowed on  April  5  by  30  drops.  At  this  time  the  animal  weighed 
1.S28.5  grams.  At  9:41)  n.  m.  the  temperature  was  100.9°  F.,  the  ad- 
ministration of  the  extract  following  three  minutes  later.  The 
resulting  events  were  as  ftdlows:  10:05  a.  m.,  mouth  moist:  10:50 
a,  m.,  convulsions;  11:15  a.  m.,  could  not  stand;  11 :55  a.  m.,  could 
pit  up  in  usual  posture;  1  :.54  p.  m.,  appeared  normal.  At  3 :50  p.  m. 
the  temperature  was  103.3°  F,  The  animal  lived  about  a  year  after 
the  close  of  this  investigation. 

A  rabbit  weighing  1,559  grams,  which  had  not  received  any  pre- 
vious injections,  was  given  hypodermically  at  9:54  a  m.,  April  5, 
1905,  30  drops  of  the  extract  used  in  the  preceding  case.  The  tem- 
perature five  minutes  before  administration  was  100.9°  F.  The  fol- 
lowing symptoms  developed  rapidly :     After  nine  minutes,  interfer- 
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ence  with  the  goit,  followed  shortly  by  urination  and  increasing  evi- 
dences of  weakness,  with  marked  difBculty  in  standing,  was  not«d; 
slight  convuhions  were  seen  35  minutes  after  administration,  repeated 
at  intervals  during  the  following  hour  and  a  qu^rtu*;  at  11 :15  a.  m. 
paralysis  of  the  hind  legs  led  to  a  straddling  attitude,  head  held  back. 
and  sphincter  relaxed.  The  temperature  at  11 :50  a.  m.  was  95.2°  F. 
At  1 :54  p.  m.  the  animal  was  much  better.  It  could  .walk  but  stag- 
gered. At  3 :49  p.  m.  the  temperature  was  102.3"  F. ;  condition  good. 
The  rabbit  seemed  apparently  all  right  until  April  13,  when  convul- 
sions occurred  which  were  followed  by  death. 

aEKEBAI.  STKFTOMS  OF  POISONINQ. 

The  symptoms  commonly  observed  are  salivation, .  tearing,  an  in- 
creased flow  of  secretion  from  the  nose,  emesis  with  convulsions,  and 
later  paraly^s  of  the  limbs.  On  post-mortem  examination  the  main 
macroscopic  lesion  is  dilation  of  the  vessels  of  the  intestinal  walls," 
and  if  the  case  is  not  too  acute,  hemorrhages  into  the  intestinal  walls 
occur,  resembling  what  is  known  as  rhododendrcm  poisoning.  The 
aqueous  extract  of  the  flowei-s  produced  the  same  symptoms  on  rabbits 
as  that  made  from  the  leaves. 

ACTIVE  PBIHCIFLE. 
Comparatively  little  chemical  work  has  been  done  with  mountain 
laurel  save  testing  for  a  volatile  oil  *  and  arbutin."  Most  of  the  chem- 
ical work  has  been  done  on  a  closely  related  plant,  Andromeda 
japonica,  now  known  as  Pieri^i  japonica.  Eykmann**  isolated  an 
amorphous  glucosidal  body  which  he  called  asebotoxin,  which  melted 
at  120°  C.  and  had  a  lethal  dose  for  rabbits  of  3  mg.  per  kilo.  Pluggc  * 
studied  the  same  plant,  making  his  &rst  report  in  1S82.  He  extracted 
the  plant  with  water,  then  precipitated  with  lead  acetate  and  lead 
subacetate,  and  after  removing  the  lead  with  sulphureted  hydrogen 
or  sodium  sulphate  concentrated  the  fluid  in  vacuo  at  50°  C.  This 
colorles-s  fluid  was  then  shaken  out  with  chloroform,  and  the  chloro- 
form on  evaporation  left  transparent,  noncr^talline  scales,  which  he 
called   andromedotoxin.     The   mother   liquid    gave    an    amorphous 

'*ln  one  case  of  polsonliiK  by  Andromrila  polifoHa,  tbiB  was  noted  by  Plug(:e. 
Veber  d.  ^'orkonioieu  d.  Androinedotoxlne  lu  Andromeda  Pollfolla.  Arcli.  d. 
Plmrm..  vol.  221.  p.  HU.  1KS3. 

^Stabler  K.  H.  On  Kniuiln  I.atirolta.  Amer.  Jour.  Phann.,  n.  a.,  vol.  10.  p. 
24e.~Bu1Iock,  C.  On  Kalmla  Latlfolla.  Amer.  Jour.  Pbanu.,  n.  a.,  vol.  14,  p. 
2C0,  ISIH. 

''  Kennedy,  G.  Vi'.  Arbutla  In  Kalmla  I.atifoHa.  Amer.  Jour.  Fbarm.,  vol.  47, 
p.  5,  1RT5. 

*  Ej-kmann,  I.  F.  Snr  le  Principe  Toxtqne  de  I'Andromeda  JaimnlMi.  Bpc  d. 
TmvBii:!  Clilm.  dee  Pnyx-Bnti.  vol.  1,  p.  224,  1.S.S1!.  Pliytochem.  Notlzen  u.  etnl|;e 
Ja!>Bn.  Pllnnz«-n.     Abhnndl.  d.  Toklo  DHtpikii.  Xi>.  10,  |i.  1.  IXtSi. 

'  Pltifoce,  P.  C.  Ueber  Andromedotoxin.  ^Uch.  d.  riuirm.,  vol.  221,  p.  1.  1SS3. 
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body,  andromedorubrin.  This  andromeciotoxin  gave  no  precipitates 
with  alkaloidal  reagents  and  did  not  reduce  Fehling's  solution,  but 
gave  certain  color  reactions  and  produced  distinct  and  characteristic 
symptoms  on  injection  into  guinea  pigs  arid  frogs — severe  retching, 
which,  however,  is  absent  aft«r  large  doses;  disturbances  of  respira- 
tion ;  convulsions,  and  paralysis. 

The  characteristic  color  reactions  are  as  follows : 

(1)  Concentrated  sulphuric  acid  gives  a  dark  reddish  brown  cglor 
and  dissolves  it  gradually.  On  wanning  it  becomes  a  deeper  red. 
On  dilution  with  water  this  passes  into  a  light  mulberry-red,  disap- 
pearing with  alkalis. returning  with  HjSO,. 

(2)  Evaporation  with  dilute  H^SO,  (1  =  ^)  on  water  bath  causes 
rose-red  color.  If  the  body  is  pure  there  is  no  odor,  but  if  not  pure 
there  is  an  odor  of  ericlnol,  due  to  the  decomposition  of  ericolin,  an 
attached  body. 

(3)  Dilute  HCl  acts  the  same  as  H^SO,,  only  it  gives  a  color  more 
nearly  violet-red. 

(4)  Dilute  phosphoric  acid,  2'>  per  cent,  gives  a  mulberry-red  color. 
By  this  means  0.0000005  gram  of  andromedotoxin  can  be  recognized. 

Especial  emphasis  is  laid  on  the  second  and  fourth  reactions.' 
Plugge  also  extended  his  studies  to  other  members  of  this  group.  The 
first  of  these  to  be  examined  was  Andromeda  polifoUa.  He  made  the 
plausible  claim  that  because  the  chloroform  "  shaking  "  from  the  aque- 
ous extract  freed  from  extraneous  matter  by  lead  gave  the  same  color 
reactions  and  produced  the  same  action  in  animals  as  that  from 
Pieris  japonica  it  contained  the  same  active  principle,  but  he  admitted 
that  this  body  was  much  less  active  than  the  andromedotoxin  obtained 
from  Pieris  japonica.  He  explained  this  weakness  as  being  due  to 
the  fact  that  the  plant  was  grown  on  a  different  soil  and  that  the 
active  principle  varied  from  that  of  Pieris  japonica  much  as  the 
active  principle  of  the  various  species  of  Digitalis  and  Aconitum 
vary.* 

In  using  this  method  with  Leucothoe  cateshaei'^  Plugge  noted  that 
the  first  six  or  seven  chloroform  shakingbi  gave  an  amorphous  residue, 
while  the  seventh  to  the  ninth  gave  a  white  crystalline  body  from 
which  he  obtained  the  characteristic  physiological  action  and  color 
reactions  of  andromedotoxin. 

From  Chamaedaphne  calyculata  he  obtained  some  crystalline  de- 
posit, but  in  this  case  from  the  lack  of  material   was  unable  to 

"  Plaree.  P.  C.  Vorkommen  von  AndromeilotoxlD  In  verschled.  Brlcace«n. 
Arcb.  4.  Fbarm.,  toI.  223,  p.  806,  1886. 

'>  Plugge,  P.  C.  Ueber  d.  Vorkommen  d.  Andromedotoxin  In  AndrOEoeda  Poli- 
foUa.   Arch.  d.  Pliarm.,  vol.  221.  p.  818,  1SS3. 

''Plugge,  P.  C.  Vorkommen  von  AiKtrontedotozlD  in  verschied.  Erlc-aceen. 
Arch.  d.  Pliarm..  vol.  223,  p.  006,  18Si. 
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■positively  identify  it  as  crystalline  andromedotoxin.  The  material 
obtained  from  this  plant  was  less  active  physiologically  than  that 
obtained  from  Pieris  japonica.  Crystals  were  also  obtained  from 
Azalea  indica. 

In  1887  Plugge  '  and  bis  pupil  de  Zaayer "  made  a  more  extended 
study  of  the  andromedotflxin  obtained  from  Rhododendron  ponticvtn. 
They  summed  up  the  previous  chemical  work  and  studied  the  active 
principle  pharmacologically.  They  claimed  that  the  body  shaken  out 
by  the  chloroform  could  be  precipitated  from  alcohol  or  chloroform 
solution  by  ether  in  the  form  of  crystalline  ueedlea.  Muto  failed  to 
obtain  these  needles  from  Pieris  japonica,  the  plant  Plugge  first 
worked  with.  This  body  contained  carbon,  hydrogen,  and  oxygen,  ■ 
but  no  nitrogen,  and  melted  at  228°  to  229°  C.  Plugge  and  de  Zaayer 
gave  it  the  empirical  formula  CsiHjjO,,,,  althou^i  the  figures  for 
this  conclusion  were  not  exact.  It  was  readily  soluble  in  water  and 
alcohol,  but  very  slightly  in  ether.  They  stated  that  it  was  more 
soluble  in  cold  than  in  hot  water,  although  Plugge  elsewhere  states 
the  opposite.  In  water,  alcohol,  and  amyl  alcohol  it  turns  the  plane 
of  polarization  to  the  left,  while  dissolved  in  chloroform  it  turns  it 
to  the  right.  It  gives  no  precipitate  with  alkaloidal  reagents.  ^XTien 
Eubcutaneously  injected,  0.0001  gram  caused  death  in  a  frog  (Rana 
tcmporaria)  in  a  few  hours. 

This  conjoint  paper  apparently  so  settled  the  question  as  to  indi- 
cate that  all  that  was  necessary  to  determine  tlie  presence  of  andro- 
medotoxin was  to  ascertain  if  the  chloroform  shaking  from  the  plants 
gave  the  same  physiological  action  and  the  same  color  reaction  as 
that  described  for  andromedotoxin.  Plugge  did  this  with  Kalmia 
lafifoJia  and  from  its  action  on  frogs  decided  that  the  fluid  extract 
contained  one-half  of  1  per  cent  of  andromedotoxin.  By  this  method 
he  decided  that  andromedotoxin  was  present  in  the  following  plants: 
Pleriit  Japonica  Tlimili.  Rhododcmtron  ponticutn  L. 

Anilmmcda  pulifuli'i  I..  Kfiododfttdron   cliryxaiithum    L. 

Lcurotlmc  catesbaci  (Wait.)  Bhododi-ndron  hpbrUlum  Ker. 

(Jmv,  Rhododendron  fatkoncH  Hook.  I. 

Chaimedophne  calyculala    (I..)  Rhododetirlron  marlmum  I^ 

Moeiich.  Ealinia  latifolia  I. 

Rhododendron  grandr  WItclit.  Salmia  angiiftifolia  I^ 

Rhodniti-Hilron  barbaliim  WmII.  Azalea  indiea  L, 

Rhododendron  Jvlgenn   Hook.   f.  Mnnntrapa  uniftora  I_ 

Rhododendron  cinnaharhium  Pierin  fonnota  Don. 

Hook.   f.  Pterin  oralifolia  Don, 

Rhododendron  imnteriini  Ro.\b. 

oPluRps,  P.  C.  I'eber  Aiwlroniedotoxln.  Arcb.  d.  Pbflrm..  vol.  221,  p.  12, 
1883. 

»Znayer,  II.  ().  <le.  rmemidi.  II.  Aiidrouiedoloxlii.  Arch.  f.  »»«am.  I'hyolol., 
lol.  40,  |).  JSO.  1SS7. — Plugge.  r.  C.  Andromedotoxin.  ^'erhandl.  d,  X  Internal, 
med.  ConE..  vol.  2.  pt.  4,  p.  28,  ISOl. 
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Plugge  concluded  that  andromedotoxin  was  the  active  principle  of 
the  Ericaceee  in  general. 

In  the  case  of  Rhododendron  hirsi/tnm,  Plugge  "  found  that  the 
chloroform  shaking  failed  to  produce  any  immediate  symptoms  in 
frogs,  but  three  hgurs  after  injection  convulsions  with  slight  respira- 
tory disturbance  occurred,  with  the  secretion  of  mucus  from  the 
mouth.  Xhesesymptomscompletely disappeared, differing  from  those 
of  andromedotoxin.  This  extract  gave  no  reactions  with  dilute  or 
concentrated  HCl,  25  per  cent  phosphoric  acid,  and  dilute  H,SO,. 
In  studying  the  distribution  of  andromedotoxin,  Plugge  makes  the 
interesting  observation  that  concentrated  solutions  of  Erica  vulgaris, 
now  known  as  Calluna  vulgaris,  injected  subcutaneously  into  frogs 
cause  symptoms  resembling  those  of  andromedotoxin  poisoning,  yet 
chemically  no  trace  of  this  body  could  be  found.* 

I^asche  also  studied  the  action  of  extracts  of  Kalmia  latifolia  and 
K.  angustifolia  on  animab,  and  corroborated  Plugge's  data,  but 
isolated  no  pure  body  and  made  no  chemical  analysis.  He  used  the 
berries  in  his  work." 

Matusow,'  while  accepting  the  belief  that  andromedotoxin  is  the 
active  principle  of  the  leaves,  says  that  the  chemical  reactions  of  the 
root  correspond  with  those  of  andromedotoxin,  except  with  hydro- 
chloric acid.  He  claims  the  presence  of  calcium,  magnesium,  alumi- 
num, manganese,  and  iron  in  the  roots. 

Archangelsky «  examined  another  member  of  the  Ericacea;,  the 
Rhododendron  chryaantkum,  a  native  of  Siberia,  and  isolated  a  crys- 
talline principle,  rhododendrin,  with  the  empirical  formula  C,8H,iO„ 
which  was  inactive  to  frogs,  and  a  crystalline  body,  rhododendrol, 
which  acted  on  frogs  similarly  to  camphor.  He  also  claimed  the 
presence  of  andromedotoxin,  but  did  not  isolate  it.  He  examined 
Rhododendron  ponticum  and  obtained  the  same  color  reactions  and 
physiological  reactions  found  by  Plugge  with  andromedotoxin, 

"  PlugRe,  P.  C.  AndromedotoilnhaltlKe  ErLeaceeii.  Arch.  &.  PMrm.,  vol.  229, 
p.  553,  1801. 

^Plugge,  P.  C.  Fortgesetzte  Untereuch.  it.  d.  Verbrelt.  A.  Andromedotoxlns  la 
d.  Famllie  d.  Ericaeeen.    ArcU.  <1.  Pbarni.,  vol.  27,  p.  171,  1889. 

"  [ABcb^,  A.  J.  Al.  Exanitnation  of  Some  of  the  Poisonous  Erlcaccee  of  Noitb 
America.    Pharm.  Itund.,  vol.  7,  p.  208,  18sa„ 

^Matusow,  H.  Analysis  of  tbe  Root  of  Kalmia  Latifolia.  Amer.  Jour. 
Pharm.,  vol.  69,  p.  341.  1897. 

'ArchanKelHkf,  K.  Ueber  Rbododendrol,  IHiododendrln  und  Andromedotosln. 
Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  46.  p.  313,  1901. 
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Hayashi  and  Muto  failed  to  obtain  c^stalline  andromedotosm 
from  Pieris  japonica  by  using  Plugge's  method." 

So  it  can  not  be  said  that  the  active  principle  from  mountain  lanrel 
has  been  actually  isolated  in  a  pure  state.  Using  Plugge's  method, 
the  writer  failed  to  obtain  crystals  from  mountain  laurel,  but  obtained 
crystals  by  a  different  method,  namely,  from  the  filtrate  after  ether 
precipitation.  Plugge's  principle  is  precipitated  by  ether.  In  no 
case  has  the  writer  found  the  ether  precipitate  physiologically  active. 
and  an  ether  extract  of  the  crude  plants  possessed  the  toxic  action  of 
the  plant.  Full  details  as  to  the  chemical  and  pharmacological  in- 
vestigations will  be  made  later. 

Laboratory  animals,  as  guinea  pigs  and  rabbits,  after  subcutaneous 
injection  show  tearing,  retching,  convulsions,  and  later  paraljrsis. 
This  physiological  reaction  can  be  used  as  a  guide  in  the  isolation 
of  the  active  principle.  Before  death  in  males  there  is  an  ejection  of 
semen. 

AEHEDIAX  AOBNTB. 

The  fact  that  sheep  which  have  diarrhea  have  recovered  from  toxic 
doses  of  mountain  laurel  would  suggest  purgative  treatment. 
Farmers  very  commonly  administer  lard  in  this  condition,  and  this 
no  doubt  acts  by  hindering  absorption.  The  use  of  lard  in  laurel 
poisoning  has  been  substantiated  by  the  experiments  of  Thomas,  who 
found  that  the  animals  were  less  likely  to  become  poisoned  if  lard 
was  administered.  In  case  vomiting  and  purgation  do  not  occur, 
this  result  should  be  encouraged  by  the  usual  agents.*  To  induce 
vomiting,  60  milligrams  of  apomorphine  hydrochlorate  may  be  given 
subcutaneously  and  purgation  may  be  encouraged  by  giving  2  to  6 
ounces  {60  to  180  grams)  of  epsom  salts  dissolved  in  water  as  a 
drench.  The  treatment  is  purely  symptomatic  and  no  true  antidote 
is  known. 

It  seems  of  interest  to  ascertain  whether  the  action  on  the  glandular 
secretion  noted  can  not  be  obtained  free  from  great  toxicity  by  a 
change  in  the  chemical  structure  of  the  active  principle. 

HEDICINAI.  ACnOK. 

Thomas  treated  one  case  of  diarrhea  by  means  of  a  decoction  of 
Kalmia  latifolia,  and  the  leaves  have  also  been  used  empirically  in 
the  treatment  of  certain  stages  of  fever.     Locally  an  ointment  has 

"  HayaBhl,  H,,  and  Muto,   K.    Ueber  AthmenTeraoche  mlt  elnlgen   Glftoi. 
Arch.  f.  eiper.  Tath,  u.  Pbarm.,  vol,  47,  p,  220,  1002. 
'  Remarkable  Instance  of  tlie  Absence  of  Animal  Infrtlnct.    Peaaj  3 

vol.  7,  p.  283,  1S38. 
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been  employed  for  various  forms  of  skin  diseases,  such  as  tinea,  etc., 
but  now  it  has  fallen  entirely  out  of  use.  A  tincture  is  still  used  by 
homeopathic  physicians."  The  only  indications  for  its  use  would  be  as 
a  substitute  for  some  member  of  the  veratrine  or  aconitine  family. 

"  Boerlcke  and  Tafel.    Amer.  Homeop.  Pha^m.,  1806,  p,  279, 
N<nE.—Kalmia  anguatifotia  Is  used  b;  the  Cree  Indians  as  a  tonic.     Bui, 
Torrey  Bot,  Club,  vol.  12,  t>.  63,  1885. 
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RESULTS  OF  LOCO-WEED  INVESTIGATIONS 
IN  THE  field; 

By  C,  DwioHT  Marsh.  F.rpert,  Poi»tin<iUK-P}ant  Invealigationt. 


FIELD  WOBK. 

The  word  "  loco,"  from  the  Spanish,  meaning  crazy,  has  been  ap- 
plied for  a  great  many  years  to  a  disease  of  stock  and  sheep  in  the 
semiarid  region  of  the  West.  There  has  been  a  general  belief  among 
stockmen  that  the  disease  is  caused  by  certain  weeds  known  as  loco 
weeds.  The  name  loco  weed  has  been  applied  to  a  large  number  of 
plants,  but  two  are  considered  especially  obnoxious — Arayallus 
laviherti  and  Aetragahis  moUisstniue. 

More  or  less  desultory  investigations  by  scientific  men  have  been 
made  on  this  subject,  the  general  result  of  which  has  been  to  imply 
that  the  disease  was  produced  by  some  other  cause  than  the  loco 
plants.  Later  investigations  have  made  it  seem  quite  probable  that 
the  cause  of  the  disease  must  be  sought  in  some  other  direction.  The 
investigations  here  recorded  were  undertaken  to  clear  up  first  of  all 
the  doubt  concerning  the  source  of  trouble. 

The  first  essential  point  was  to  demonstrate  whether  the  loco  weeds 
did  or  did  not  cause  the  disease.  The  work  of  the  first  season,  the 
summer  of  1905,  accomplished  this  demonstration  in  a  very  satisfac- 
tory way.     It  was  clearly  proved  that   Aragallus  lamberti  would 

■  For  manj  jears  Btocbmen  of  tbe  plains  eaet  of  the  Bocky  Moiintalne  have 
rejiorted  ^eat  Iobbw  due  to  a  Boiiiewlnit  iiiidefliieil  eniiw  known  an  -  loco."  11 
has  been  estimated  that  tbe  losses  from 'this  source  In  Colorado  atone  have 
reached  the  sum  of  a  million  dollsrs  per  anuuni.  A  tborouf^h  InveBtlKatlon  of 
the  loco  problem  by  the  Bureau  of  Plant  ludustry,  both  In  Its  field  and  labora- 
tory asi>ectB.  was  undertnkeii  by  tbe  office  of  I 'o1  sun  hub- Plant  Investleiitlons, 
ander  tbe  direction  of  Dr.  Rodney  H,  True,  Physlolofdst  In  Cbat^e,  the  field 
work  beluK  In  the  biinds  of  Dr.  «'.  Dwlsbt  Marsli.  E\|)prt.  and  tbe  laboratory 
work  tn  tboee  of  Dr.  Albert  C-  Crawford.  PbarnincoloKlst. 

The  Importance  of  the  results  obtained,  tojtefher  with  the  fact  that  the  |>ubll- 
catlon  of  the  rather  extensive  evidence  sccuiunlated  Is  likely  to  lie  in)nie\vhnt 
delayed,  has  made  it  seen)  deslmble  to  present  at  once  a  brief  suuunary  of  tbe 
resulttt  obtalued.— B.  T.  Uallowav.  Chivf  of  Biiiraii. 
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poison  horses,  sheep,  and  cattle  and  that  Astragalus  moVissimus 
would  poison  horses.  Astragalun  molliagimun  does  not  poison  cattle 
liecause  they  very  rarely  eat  it. 

The  work  of  the  second  season,  the  summer  of  1906,  was  mainly  de- 
voted to  a  diagnosis  of  the  disease.  The  external  symptoms  de- 
scribed by  stockmen  were  in  general  corroborated.  The  principal 
symptoms  are  the  lowered  head,  rough  coat,  slow,  staggering  gait, 
movements  showing  lack  of  muscular  coordination,  sometimes  more 
or  less  paralytic  symptoms,  a  generally  diseased  nervous  system,  and 
in  the  later  stages  of  the  disease  extreme  emaciation. 

The  principal  pathological  changes  are  pronounced  anemia  of 
the  whole  system,  diseased  stomach  walls,  and  in  acute  cases  a  con- 
gested condition  of  the  walls  of  the  stomach,  while  in  chronic  cases 
there  are  frequently  ulcers.  Generally  speaking,  locoed  cattle  have 
ulcers  in  the  fourth  stomach.  There  is  an  excess  of  fluids  in  the 
various  cavities  of  the  body.  This  is  especially  noticeable  in  the 
epidural  space  of  the  spinal  canal.  Here  the  effusion  is  more  or  less 
organized,  presenting  the  appearance  of  a  gelatinous  mass,  which  is 
especially  abundant  in  the  lumbar  region  and  about  the  exits  of  the 
spinal  nerves.  In  most  locoed  females  the  ovaries  are  found  in  a 
diseased  condition. 

The  third  stage  of  the  work  was  the  devising  of  remedial  measures. 
This  was  undertaken  in  the  summer  of  1907.  This  work  naturally 
had  two  phases.  (1)  attempts  to  eradicate  the  weed  and  (2)  attempts 
to  cure  the  locoed  animals. 

In  regard  to  the  possibility  of  killing  the  weeds,  it  was  found  (hat 
this  could  readily  be  done  in  the  case  of  fenced  pastures.  This  is 
especially  feasible  with  Astragalus  moUissimuA,  because  it  occurs  in 
comparatively  small  patches.  AragalJiis  lamberti  has  a  wider  distri- 
bution, but  it  is  not  at  all  impossible  to  destroy  this  weed  when  in 
pastures.  There  seems  to  be  no  way  of  ridding  the  ranges  of  these 
weeds,  however. 

In  regard  to  the  second  phase  of  remedial  work,  it  was  found  that 
locoed  cattle  can  in  most  cases  be  cured  by  a  course  of  treatment  with 
Htrychnine,  while  locoed  horses  can  generally  be  cured  by  a  course  of 
treatment  with  Fowler's  solution.  The  animals  under  treatment 
must  not  Ix^  allowed  to  eat  the  loco  weed  and  should  be  given  not  only 
nutritious  food  but,  so  far  as  possible,  fowl  with  laxative  properties. 
To  this  end  magnef^ium  sulphate  was  administered  to  correct  the  con- 
stipation which  is  almost  universal  among  locoed  animals.  It  shotild 
be  noted,  too.  that  magnesium  sulphate  may  serve  to  some  extent  as 
an  antidote  to  the  poison. 

It  may  be  added,  in  regard  to  the  question  of  immunity,  that  loco 
poisoning  comes  <)n  in  a  slow  and  cimiidative  manner,  so  that  there 
is  no  possibility  of  animals  becoming  immune. 


LABORATORY  WORK  ON  LOCO-WEED 
INVESTIGATIONS. 

By  Albert  C.  Cbawfobp,  PkaitnacoUigiKl,  I'lAmmouii-Ptanl  Irtvcttigatlons. 


SUUUAJtY  OP  I.ABOBAT0RT  WORK. 

(1)  Conditions  analogous  to  those  fonml  in  loooed  animals  occur 
in  portions  of  the  world  other  than  the  T7nite<l  States,  especially  in 
Australia. 

(2)  The  symptoms  described  in  stock  on  the  range  can  be  repro- 
duced in  rabbits  by  feeding  extracts  of  certain  loco  plants.  Those 
especially  referred  to  here  under  the  term  "loco  plants"  are  Asiru- 
galus  m.oUissimus  and  Aragallua  lamberti. 

(Z)  The  production  of  chronic  symptoms  in  riibbits  is  a  crucial 
test  of  the  pharmacological  activity  of  these  plants. 

(4)  It  is  the  inorganic  constituents,  especially  barium,  which  are. 
responsible  for  this  poisonous  action,  at  least  in  the  plants  collected 
at  Hugo,  Colo. 

(5)  There  is  a  close  analogy  between  the  clinical  sjTnptoms  and 
pathological  findings  in  barium  poisoning  and  those  resulting  from 
feeding  extracts  of  certain  of  these  plants.  Small  doses  of  barium 
salts  may  be  administered  to  rabbits  without  apparent  effect,  but 
suddenly  acute  symptoms  set  in  analogous  to  those  reported  on  the 
ranges. 

(6)  The  administration  of  sulphates,  especially  epsom  salts,  to 
form  insoluble  barium  sulphate  would  be  the  chemical  antidote  which 
would  logically  be  inferred  from  the  laboratory  work,  but  of  neces- 
sity these  sulphates  would  have  to  be  frequently  administered,  and 
their  value  after  histological  changes  in  the  organs  have  occurred 
remains  to  be  settled.  But  the  treatment  of  acute  cases  of  barium 
poisoning  in  man  is  not  always  successful,  even  when  sulphates  coui- 
bined  with  symptomatic  treatment  are  employed. 

(7)  Loco  plants  grown  on  certain  soils  are  inactive  pharmaoo- 
logicnJly  and  contain  no  barium.     In  drying  certain  loco  plants  the 
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barium  apparently  is  rendered  insoluble,  so  that  it  is  not  extracted  by 
water,  but  can  be  extracted  by  digestion  with  the  digestive  ferments. 

(8)  In  deciding  whether  plants  are  poisonous  it  is  desirable  to 
test  not  merely  the  aqueous  or  alcoholic  extract,  but  also  the  extracts 
obtained  by  digesting  these  plants^  with  the  ferments  which  occur  in 
the  gastro-intestinal  tract, 

(9)  It  is  important  that  the  ash  of  plants,  especially  of  those 
grown  on  uncultivated  soil,  as  on  our  unirrigated  plains,  be  examined 
for  various  metals,  methods  similar  to  those  by  which  rocks  are  now 
analyzed  by  the  United  States  Geological  Survey  being  used. 

(10)  It  is  desirable  to  study  various  obscure  chronic  condititms. 
such  as  lathyrism,  with  reference  to  the  inorganic  constituents  of  the 
Lathyrus  and  other  families  of  plants. 
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THE  SOURCES  OF  ARSENIC  IN  CERTAIN 
SAMPLES  OF  DRIED  HOPS.' 

By  W.  W.  Stockberuer,  Expert,  Drug-Plant  Inveatigationa. 


INTBODtrcrriON. 

For  several  years  considerable  attention  has  been  given  in  England 
to  the  question  of  the  origin  of  the  arsenic  sometimes  found  there 
in  beer."  Some  students  of  the  question  have  pointed  out  glucose," 
malt,'*  and  hops''  as  possible  sources  of  this  substance.  The  occasional 
detection  of  minute  quantities  of  arsenic  in  dried  hops  has  furthered 
the  belief  that  hops  should  be  carefidly  examined  for  traces  of  this 
undesirable  substance,  a  view  which  finds  partial  support'  in  some 
experiments  made  with  hops  dried  by  each  of  the  two  processes  used 
in  England.'  In  one  of  these,  known  as  the  "direct'"  process,  the 
hops  are  dried  over  oi^en  fires  and  are  thus  exposed  to  all  the  com- 
bustion products  arising  therefrom.  In  the  other,  or  "  indirect " 
process,  a  current  of  pure  heated  air  is  caused  to  pass  through  the 

"^  The  growtng  and  fiirlriK  of  hoiis  bas  l)t«n  n  subject  ot  Investlgatloo  In  the 
Bureau  of  Plant  Industry  durlas  the  ptiat  two  yenrs  lij-  tlie  office  of  DriiR-I'lant 
lovestlgatiouH.  uuder  tlie  dlrertlon  ot  IJr.  Rodoey  H,  True,  PLyBlologlst  In 
CbarKe.  Tlie  execution  of  the  work  In  botU  field  and  lalMiratory  bus  bpcn 
cblelly  In  the  bands  of  Dr.  \V.  W,  StcMjkberRer.  Expert.  In  connection  with 
these  InveBtlKHtlons,  tbot  |iliaw  ccmc'enilng  the  occurrence  of  arsenic  In  hopa 
baa  beeii  loncbed  upon  with  fruitful  renults,  which  are  here  flumninrlzed.  Since 
the  conclusions  reached  have  nu  lm|K)rtaiit  bearing  on  matters  uf  considerable 
economic  im|>ortance,  their  Immediate  publication  Is  deemed  deelrable.-~B.  T. 
Galloway,  Chief  iif  Hun'iiu. 

*  Royal  Commission  on  .Arsenical  I'olHonlng,  T.ondon,  l!)01-ll>08.  KeiKirt  uf  the 
Medical  Officer  of  Health  for  the  City  of  I»ndon,  Xo.  >«. 

'WhidlBch,  W.  W<H;henBchr.  f.  Brauerel.  vol.  ],s.  j).  30.  11)01.— Han tke,  K. 
Tetters  on  Brewing,  vol.  1,  pp.  16-21,  1001.— Petermann,  A.  Ann.  Set.  Agron., 
vol.  2,  1).  3!tft,  IftOl. 

"  Chapmau.  A.  C.  Analyst,  vol.  2fl,  p.  10,  liWl.— Fair  ley.  T.  Analyst,  vol.  2«, 
p.  177,  1901 ;  I'harni.  Jour.,  vol.  m.  pp.  ti34.  TiK  liXXl. 

'Baker,  J,  L.,  and  Dick,  W.  D.    Jour.  Soc.  Chem.  ind.,  vol.  i1,  p.  174.  100-1. 

'  Duncan,  C.  County  Analyst's  Annual  Report  to  the  Worcestershire  Connty 
Council.  1005,  Appendix  I,  pp.  22-24. 
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hops,  which  do  not  come  into  direct  contact  with  the  gases  or  fumes 
from  the  firew.  From  the  experiments  cited  the  conclusion  is  drawn 
that  hops  dried  by  the  indirect  process  are  arsenic  free." 

It  is  known,  however,  that  traces  of  arsenic  sometimes  occur  in  hop; 
which  have  been  dried  by  the  indirect  process,  a  condition  which  has 
been  urged  in  England  as  an  argument  against  the  purchase  of  im- 
ported hops,  thus  rendering  more  difficult  the  sale  abroad  of  those 
grown  in  the  United  States. 

Since  under  the  ordinary  conditions  of  hop  production  in  the 
United  States  there  is  a  surplus  which  requires  an  annual  exportation 
of  a  considerable  portion  of.  the  crop.*  it  is  highly  desirable  that  this 
product  be  prepared  in  every  way  free  from  deleterious  substances 
which  would  interfere  with  its  sale  and  use  abroad. 

During  a  recent  study  of  the  processes  of  curing  and  sulphuring 
hops "  some  experiments  were  made  to  determine  the  most  probable 
source  of  arsenical  contamination.  The  possible  sources  include  fuels, 
arsenical  sprays,  the  soil,  and  sulphur  both  when  used  in  the  field  to 
destroy  pests  and  when  burned  under  the  hops  on  the  kiln  during 
the  drying  process. 

Since  the  open-fire,  or  "  direct,"  process  of  drying  is  never  used  in 
this  country,  and  as  traces  of  arsenic  have  been  found  in  hops  not 
treated  with  insecticides,  only  the  soil  and  sulphur  were  considered 
in  these  experiments,  which,  though  not  fully  complete,  have  yielded 
results  of  so  much  importance  to  American  hop  growers  that  they 
are  here  presented  in  preliminary  form. 

OBiaiN  OF  SASCPLES  OP  HOPS  EXAMINED. 

The  geographical  distribution  of  hops  containing  traces  of  arsenic 
was  first  investigated-  Dry  commercial  samples  were  obtained  from 
England,  Belgium,  East  Prussia  (Altmark),  Bavaria,  Bohemia 
(Saaz),  British  Columbia,  N'ew  York,  Wisconsin,  and  the  Pacific 
coast.  Upon  analysis*  small  quantities  of  arsenic  (1.5  parts  to  the 
million,  or  less)  were  detected  in  samples  from  each  of  the  regioa^i 
just  mentioned.  These  results  indicate  that  hops  from  any  of  the 
hop-growing  districts  of  the  world  may  contain  traces  of  arsenic,  and 
suggest  the  necessity  for  the  thorough  examination  of  hops  whatever 

:.  l>ept.  Afn'lculture,  talile  5. 
p,  13. 

f  Ktockberper,  W-  W.  Fnriuera"  Biilletln  Ni>,  31H.  V.  S.  Dept.  Aicrlonlture. 
1007.  pp.  11>-2G. 

^  Except  when  otberwloe  stntwl  all  nimlj-Bes  for  arsenic  were  made  In  the 
Bure;iii  of  Cheiulstry.  Tulted  States  Deiwrtmeut  of  Agriculture. 
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their  geographical  origin,  as  well  as  the  desirability  of  a  careful 
iicrutiny  of  the  methods  of  eultivation  and  curing  used  abroad,  par- 
ticularly those  processes  in  ivhich,  contrary  to  the  American  practice, 
hops  are  dried  over  open  Bres. 

EXAHINATION  OF  HOP  SOUA 

Samples  of  soil  from  a  number  of  American  hop  fields  have  been 
examined  for  arsenic,'  but  in  no  case  has  its  presence  been  detected. 
However,  these  results  do  not  necessarily  prove  the  absence  of  arsenic 
from  the  soils  of  the  fields  examined,  since  the  hop  plant  has  a  very 
e.xtensive  and  deep-growing  root  system  which  might  very  readily 
explore  soil  layers  unrepresented  in  the  samples  taken. 

Since  traces  of  arsenic  have  been  found  in  iinsulphured  hops  grown 
oiv  some  of  the  soils  from  which  these  samples  were  taken,  it  may  be 
inferred  that  the  samples  were  not  representative  of  the  true  soil 
conditions  as  just  noted  or  that  arsenic  may  be  present  in  the  soil  in 
quantities  too  minute  to  be  detected  by  the  oi-dinary  methods  of 
analysis,  the  larger  and  measurable  quantify  in  the  plant  being  due 
to  gradual  accumulation  during  the  process  of  growth. 

THE  ABSORPTION  OP  ABSBNIC  BT  THE  OBOWINa  PLAHT. 

Some  early  authors  held  that  living  plants  did  not  absorb  arsenic,* 
but  numerous  plants  have  been  found  to  contain  this  substance." 
which  was  doubtless  derived  from  the  soil.  Nobbe  "•  states  that  only 
a  very  small  quantity  of  arsenic  is  taken  up  by  plants,  though  ac- 
cording to  Angell '  plants  of  rhubarb,  bean,  rye,  and  buckwheat 
nccumulate  appreciable  quantities  from  soils  heavily  fertilized  with 
superphosphates.  Davy  '  found  arsenic  in  peas,  cabbages,  and  Swed- 
ish turnips  grown  in  soils  mixed  with  superphosphates,  40  per  cent  of 
which  Lyttkins  '  states  contain  arsenic,  in  amounts  varying  from  0.012 
to  0,2G  per  cent  as  estimated  by  Stoklasa,*    Collins  '  found  that  barley 

"The  nnalrfila  of  tlie  boU  samples  was  made  In  tbe  Bureau  of  Soila.  1'iilted 
States  Deimrtment  of  Asrlculture. 

6  Tar&loDl-TazzettI,  A.  Ann.  Scl.  Nat.,  Her.  3,  vol,  5,  p|i.  177-lftl,  184C,— Etaii- 
berry,  Chaa.    Quart.  Jour.  Cbem.  Soc.,  vol.  H.  |>i).  209-230,  ISOii. 

<•  Pfeffer,  W.    Pflanzenpbfalologle.  2  ed.,  vol.  1,  i>[>.  432-433,  1S»7. 

*Xiibbe,  F..  Baessler.  I'.,  tind  Will,  H.  Ijiiidw.  Versut-bntiit..  vol.  30,  i>.  410, 
1SS4. 

'  Angell,  A.  and  A.  F.    Cbem.  and  DruK..  vol.  00,  p.  430.  IflOi. 

'Davy,  E.  W.     Phllos.  Mafsazlne,  vol.  IH,  pp.  lOfi-113,  ISTiJ). 

« Ijttblna.  A.    Kg).  Landw.  Akad.  Handl..  vol.  33,  pp.  317-320.  ISJM. 

>StokIana,  J.    Ztscbr.  I^ndw.  Versiieb.  Oefterr..  vol.  1,  p.  1&4,  IS!).*;. 

'Collins,  8.  H.    Jour.  Soc.  Cbem.  lud.,  vol,  21,  pp.  222-223,  1!>02. 
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grown  on  soils  containing  arsenic  may  accumulate  large  aiuounb^ 
of  this  element,  most  of  which,  as  has  been  further  shown  by  pot  ex- 
periments," occurs  in  the  barley  grains.  Likewise,  Gosio  "  records  the 
accumulation  of  arsenic  in  the  leaves,  stems,  and  fruits  of  squasli 
plants  which  had  been  watered  with  dilute  arsenic  solutions. 

In  order  to  test  the  capability  of  the  hop  plant  to  take  up  arsenic 
from  the  soil,  two  adjoining  plats  of  sixty  hills  each  were  selected 
in  a  hop  yard  and  from  May  24  to  August  5, 1907,  the  alternate  hills 
of  one  plat  were  watered  weekly  with  solutions  of  arsenioiis  acid 
and  tho.«e  of  the  other  with  solutions  of  arsenic  acid.  Each  solution 
was  made  up  in  five  different  strengths,  the  arscnious  acid  rnn^ng 
from  0.01  to  1  per  cent  and  the  arsenic  acid  from  1  to  3  per  cent. 
Solutions  of  each  acid  were  then  applied  to  fifteen  groups  of  two 
hills  each  in  amounts  so  regulated  as  to  form  a  gradually  increasing 
series.  In  this  way  the  total  amount  of  arsenious  acid  administered 
to  the  plants  of  each  hill  ranged  from  one-tenth  of  an  ounce  lo  24 
ounces  and  the  arsenic  acid  from  2  to  20  ounces  to  each  hill.  WTien 
the  hops  were  mature,  those  from  each  group  of  two  hills  which  had 
received  the  same  treatment  were  gathered  separately,  dried  without 
«ulpliur,  and  prepared  for  chemical  examination. 

Up<m  analysis  trace.s  of  arsenic,  from  0.5  to  3  parts  per  million, 
were  found  in  each  sample  examined.  While  the  amount  of  ars^enic 
in  various  samples  was  not  in  direct  proportion  to  the  amount  admin- 
istered to  the  plant,  the  balance  of  evidence  is  in  that  direction. 
Xecessarily  the  experimental  error  is  very  large,  but  when  due  allow- 
ance is  made  for  it  the  results  warrant  the  conclusion  that  hops  will 
take  up  from  soils  containing  available  arsenic  amounts  relatively 
proportional  to  the  quantity  contained  therein. 

UCFUBE  SULPHUB  AS   A  SOT7BCE  OF  AUSENIC. 

That  the  sulphur  used  in  sulphuring  hops  frequently  contains 
small  quantities  of  arsenic  is  quite  generally  known  and  has  been 
suggested  as  the  source  of  the  arsenic  occasionally  found  in  dried 
hops.''  However,  analysis  of  the  different  grades  of  !?ulphur  in  com- 
mon use  indicates  that  from  the  quantities  applied  in  most  cases  suf- 
ficient arsenic  would  not  be  produced  to  account  for  the  traces  some- 
times found  in  hops,  provided  it  was  imiformly  distributeti  through 
them.  Analysis  shows  that  there  is  often  wide  variation  in  the 
amount  of  arsenic  contained  in  samples  drawn  from  different  bales 

1  Connty  Councils  ('Hinberland,  etc,  Tecli,  KdiioitloD  Bept,,  vol.  10,  pp.  1-121, 
125-150,  1901. 

(■  UokI.i,  H.  AttI  r.  Aocad.  I.liicel,  vol.  16,  pp.  730-7S1, 1900 ;  abstract  la  CMitbl. 
Unk.  I'nr.  u.  Infek.,  [)art  i'.  vi.l.  IS,  pp.  724-725,  liK)7. 

"Rllffpr.  K.     WocheuBclir.  t.  Brauerel.  vol.  IS.  p.  lOi),  1001. 
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of  the  same  lot  in  which  all  the  hops  were  grown  and  dried  under 
practically  the  same  conditions,  and  also  in  samples  drawn  from  dif- 
ferent portions  of  one  and  the  same  bale. 

This  apparent  contradiction  may  be  explained  on  the  assumption 
that  the  arsenic  volatilized  by  the  burning  of  the  sulphur  is  deposited 
on  the  layers  of  hops  next  the  floor  of  the  kiln  while  the  upper  layers 
remain  practically  free.  To  test  this  theory,  a  series  of  experiments 
was  made  with  a  small  kiln  in  which  different  lots  of  hops  were  sepa- 
rately exposed  to  the  fumes  of  equal  amounts  of  the  different  grades 
of  sulphur,  after  which  samples  were  carefully  taken  from  the  top 
and  bottom  layers  before  the  hops  were  removed.  The  experiment 
was  repeated  with  double  the  quantity  of  each  grade  of  sulphur  used 
before.  For  comparison,  a  certain  quantity  of  arsenioua  oxid  was 
added  to  the  sulphur,  with  which  a  final  lot  was  treated. 

The  preliminary  results  of  these  experiments  fully  support  the 
theory  that  arsenic  may  be  transferred  from  sulphur  to  hops  and 
unequally  distributed  therein.  The  analysis  of  the  samples  shows 
in  practically  every  case  a  very  appreciable  difference  between  the 
amounts  of  arsenic  deposited  in  the  upper  and  lower  layers  of  the 
hops.  The  evidence  further  indicates  that  the  gi-eater  portion  of  the 
arsenic  is  deposited  in  the  bottom  layer.  The  variation  in  the  results 
obtained  with  the  different  grades  of  sulphur  was  less  than  was  an- 
ticipated, since  each  grade  apparently  increased  materially  the  arsenic 
content  of  the  hops. 

Although  each  test  was  repeated,  using  double  the  amount  of  sul- 
phur, the  relative  proportion  of  arsenic  present  was  not  constant. 
However,  the  results  indicate  that  a  larger  arsenic  content  may  be 
expected  when  the  proportion  of  sulphur  used  is  increased. 

The  samples  from  the  last  experiment,  in  which  arsenious  oxid  (the 
white  arsenic  of  commerce)  was  added  to  the  sulphur,  contained  rela- 
tively large  quantities  of  arsenic,  twelve  times  as  much  being  found 
in  the  hops  of  the  bottom  layer  as  in  those  of  the  top  layer. 

CONCLUSIONS. 

From  the  foregoing  experiments  the  following  conclusions  are 
drawn : 

(1)  Traces  of  arsenic  may  occasionally  be  found  in  dried  hop.s 
irrespective  of  their  geographical  origin, 

(2)  If  available  arsenic  is  present  in  the  soil  it  may  be  taken  up 
by  the  hop  plant  under  favorable  conditions. 

(3)  Except  in  rare  cases  the  amount  of  arsenic  derived  from  the 
soil  by  the  hop  plant  is  probably  smaller  than  0.01  grain  per  pound 
of  dry  hops,  which  is  the  smallest  amount  regarded  as  deleterious  by 
the  Boyal  Commission  oh  Arsenical  Poisoning  in  England. 

"'-"  ,      Google 
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(4)  By  the  use  of  impure  sulphur  during  the  process  of  curing, 
hops  may  be  contaminated  with  arsenic,  which  will  be  concentrateil 
iu  the  lower  layers  on  the  kiln  floor  with  the  result  that  certain  sam- 
ples may  show  an  amount  greater  than  0.01  grain  per  pound. 

(5)  The  probability  of  bops  acquiring  arsenic  from  what  seems  to 
be  a  very  ready  source  may  be  much  lessened  by  employing  only  the 
very  highest  grades  of  purified  sulphur  in  hop  curing,  and  the  quan- 
tity used  should  be  reduced  to  the  lowest  possible  limit. 
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infection.  Fi^.  2. — Apple  leaves  Bhowiug  leftf-epota 
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located  in  tbe  eame  orchard  snd  pbotagrapbe<l  at  the 
Bametime  (October  IB,  1906)  as  ttioeeabown  in  figure  1. 


sdbvGoO^^lc 


APPLE  LEAF-SPOT  CAUSED  BY  SPHAE- 
ROPSIS  MALORUM. 

By  W.  M.  Scoit,  Path'ihffKt,  and  Jaues  B.  Rorkb,  Ai*i»tani  Paihotogitt, 
Itwettigationg  of  liiieiuet  of  Fruila. 


INTBODTICTION. 

The  disease  of  apple  leaves  known  as  "  brown-spot,"  "  frog-eye," 
"  leaf-blight,"  or  "  leaf-spot  "  is  very  common  throughout  the  eastern 
United  States.  As  these  names  suggest,  the  disease  is  characterized 
by  circular  or  irregular  reddish  brown  spots  with  slightly  raised 
purplish  margins.  (PI.  Ill,  fig.  1.)  These  spots  when  first  vLsible 
to  the  naked  eye  are  very  minute  and  purple,  but  rapidly  increase  in 
size  until  they  attain  a  diameter  of  from  one-eighth  to  one-half  inch, 
while  the  affected  tissue  becomes  brown  and  later  sometimes  gray. 
The  mature  spots  are  usually  circular,  but  after  midsummer  may  be- 
come more  or  less  irregular  or  distinctly  lobed  in  outline,  a  condition 
apparently  brought  about  by  a  secondary  extension  of  the  disease 
from  two  or  more  points  on  the  margin  of  the  original  circular  spot. 
If  the  infection  is  bad,  a  number  of  spots  may  coalesce  and  form 
large  brown  patches  involving  half  the  leaf  or  more,  but  in  these 
dead  areas  the  margins  of  the  individual  spots  usually  remain  distinct. 

These  spots  should  not  be  confused  with  those  produced  on  apple 
leaves  by  the  apple-blotch  Phyllosticta.  The  latter  are  yellowish  and 
minute,  never  more  than  one-sixteenth  of  an  inch  in  diameter,  and 
will  not  be  considered  in  this  paper. 

Leaf-spot  is  of  greater  economic  importance  than  is  generally  sup- 
posed. It  makes  its  first  appearance  early  in  the  spring  as  the  leaves 
are  unfolding,  and  infections  take  place  continuously  throughout  the 
growing  season.  As  a  result  of  its  attacks  trees  may  become  com- 
pletely defoliated  from  six  weeks  to  two  months  before  the  normal 
period  of  leaf  fall.  If  this  is  repeated  for  a  series  of  years,  the  trees 
become  weakened  and  the  life  of  the  whole  orchard  is  materially 
shortened.     Moreover,  the  fruit  from  such  prematurely  defoliated 

47 
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trees  is  small  and  of  poor  quality,  and  tlie  fruit  buds  must  necessarilv 
go  into  the  dormant  stage  in  a  rather  immature  condition,  often  re- 
sulting in  a  partial  or  complete  failure  of  the  next  year's  crop. 

CAUSE  OF  LEAP-SFOT. 

Considerable  confusion  has  existed  as  to  the  cause  of  this  leaf- 
spot  disease.  Though  no  inoculation  experiments  have  been  reported, 
the  disease  has  generally  been  conceded  to  be  of  fungous  origin  and 
has  commonly  been  attributed  to  Phyllosticta  pirina  Sacc.,  and  less 
commonly  to  Phyllosticta  Umitata  Pk,  and  Sphaeropsis  malorum,  Pk.. 
while  species  of  Hendersonia,  Pestalozzia,  and  other  fungi  have  been 
reported  as  occurring  on  the  diseased  areas. 

The  disease  in  its  economic  aspect  was  first  mentioned  by  Alwood  •  " 
in  1892,  wlien  he  described  a  "  brown-spot  "  of  apple  foliage  and  re- 
ported a  serious  outbreak  in  the  Virginia  orchards  during  the  prece<i- 
ing  summer.  He  attributed  the  trouble  doubtfully  to  Phyllosticia 
pirina. 

In  1895  Kinney  *  cited  the  same  fungus  as  the  cause  of  apple  and 
pear  leaf -spots  in  Rhode  Island. 

Stewart,*  in  1896,  reported  a  serious  outbreak  of  leaf-spot  on  Long 
Island  caused  by  an  undescribed  fungus  which  Peck  named  Phyl- 
loxticta  liTJiitata. 

In  1898  Aiwood  *  again  recorded  the  common  occurrence  of  Phyl- 
losticta pirina  on  leaf  spots,  but  found  Sphaeropsis  malorum  Pk.  and 
Hendersonia  mali  Thiim.  associated  with  it. 

Lamson,*  in  1899,  gave  Phyllosticta  pirina  as  the  cause  of  "  brown- 
spot  "  of  apple  foliage  in  New  Hampshire,  while  Corbett,'  in  1900, 
described  a  "  brown-spot,"  or  "  frog-eye,"  in  West  Virginia  due  to 
the  same  fungus. 

In  1902  Stewart  and  Eustace '  questioned  the  parasitism  of  Phyl- 
loxtk-ta  pirina  and  P.  Umitata.  In  their  opinion  "  at  least  a  large 
part  of  the  so-called  apple  leaf-spot  is  due  to  spray  injury  and  weather 
conditions  and  not  to  fungous  origin."  They  suggest  that  the  fungi 
in  question  live  sajjrophytically  on  leaves  injured  by  Bordeaux  mix- 
ture and  arsenical  sprays,  or  in  the  ease  of  unsprayed  trees  on  leaf- 
spots  which  ai-e  in  some  way  the  result  of  atmospheric  influences,  A 
possible  explanation  for  the  formation  of  the  spots  is  "  when  a 
shower  is  followed  by  bright  sunshine,  drops  of  water  on  the  leaves 
act  as  lenses  and  concentrate  the  sun's  rays  to  such  an  extent  as  to 
overheat  the  tissues  underneath." 

In  1902  Clinton'*  recorded  Sphaeropsis  malorum  as  the  cause  of 
brownish  spots  on  apple  leaves  in  Illinois  "  much  like  those  of  the 

"The  seriRl  niinil>er8  used  in  this  paper  refer  to  the  bibllc^rapby,  which  will 
be  found  on  iiage  M. 
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Fig.  1  .—Apple  Leaves  Showing  Leaf-spots  Produced  ev  Natural  Infection. 
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leaf-spots  or  Phyllastictae  fungi,  but  are  apt  lo  be  more  irrepilar 
and  larger."  The  same  author,*  in  1903,  stated  that  most  of  the  apple 
leaf-spot  troubles  in  Connecticut  were  due  to  this  same  fungus. 

Stone  and  Smith,*"  1903,  in  accounting  for  a  serious  outbreak 
which  occurred  in  Massachusetts  the  previous  year  say  "  there  can 
be  no  reasonable  doubt  that  frost  was  the  destructive  agency."  They 
observed  that  the  spotting  of  the-leavsH  continued  throughout  the 
summer,  and  that  even  as  late  as  August  spots  as  a  result  of  spring 
frost  developed  on  leaves  which  Jiad  not  previously  shown  the  injury. 

Sheldon,"  in  1907,  transferred  the  fungus  Phylloaticta  pinna  Sacc. 
to  the  genus  Coniothyrium  on  account  of  the  dark  color  of  the  spores 
and  proposed  the  name  Coniothyrium  pirina  (Sacc.)  Sheldon.  From 
an  examination  of  herbarium  material  and  fresh  specimens  from  dif- 
ffirent  parts  of  the  eastern  United  States  there  is  no  doubt  that  the 
fungus  commonly  called  Phyllosticta  pirina  in  this  country  is  a-  Coni- 
othyrium. Apparently  mature  spores  from  a  European  specimen  of 
Phylloaticta  pirina  in  the  herbarium  of  the  Department  of  Agricul- 
ture are  hyaline  and  ellipsoid,  agreeing  with  the  original  description 
of  Saccardo,"  so  that  his  species  may  prove  to  be  autonomous. 

In  \'iew  of  the  conflicting  statements  and  apparent  uncertainty  as 
to  the  cause  of  apple  leaf-spot,  the  writers  during  the  summer  of 
190C  and  1907  made  a  study  of  the  disease  in  connection  with  demon- 
stration spraying  work  in  the  Ozarks.  It  was  found  that  Spharrop- 
sin  malorum,  contrary  to  the  general  belief,  is  the  cause  of  the  disease. 

CnXTURAI,  STTJDIES. 

A  somewhat  cursory  examination  of  a  large  amount  of  leaf-spot 
material  collected  in  Arkansas  during  1906  showed  that  there  was  no 
one  fungus  which  fruited  constantly  on  the  spots.  The  pycnidia  of 
Coniothyrium  pirina  (Sacc.)  Sheldon  were  found  perhaps  more 
commonly  than  any  other,  but  two  species  of  Pestalozzia  and  one 
each  of  Coryneum,  Hendersonia,  and  Alternaria  occurred  frequently, 
while  occasionally  the  pycnidia  of  Sphaeropsis  maloruni  and  a  spe- 
cies of  Septoria  were  met  with.  The  same  was  true  of  specimens 
i-eceived  from  Missouri,  Nebraska,  Xew  York,  Maryland,  Virginia, 
and  West  Virginia.  Pure  cultures  of  all  of  these  fungi  were  easily 
(ilitained  by  the  poured-plate  method.  All  grew  well  and  fruited 
abundantly  on  apple  agar  or  sterilized  apple  wood. 

In  the  early  part  of  the  season  of  1907  cultures  were  obtained  from 
leaf  spots  by  a  somewhat  different  method.  During  the  first  spring 
outbreak  of  the  disease,  spots  of  various  sizes,  together  with  a  little 
of  the  surrounding  healthy  tissue,  were  cut  from  the  leaf  and  placed 
in  a  solution  of  mercuric  chlorid  (1-1,000)  for  two  or  three  minutes. 
The  bits  of  leaf  were  then  thoroughly  washed  in  sterile  water  and 
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transferred  to  slanted  apple  or  potato  agar.  The  writers  separately 
made  many  sets  of  cultures  by  this  method,  using  spots  from  leaves 
of  Ben  Davis,  Winesap,  and  White  Pearmain  trees.  Within 
a  few  days  by  the  aid  of  a  hand  lens  hjphsB  could  be  seen  growing 
out  from  the  center  or  margins  of  the  small  spots.  Mycelium  devel- 
oped rapidly  and  in  about  two  weeks  spores  were  formed,  so  that 
the  fungi  could  be  identified.  The  results  were  uniformly  the  same. 
Ill  nil  cases  in  which  the  youngest  spots,  that  is,  those  one-sixteenth 
of  an  inch  or  less  in  diameter,  were  Used,  the  fungous  growth  was  a. 
pure  culture  of  Sphaeropsig  malorum  Pk.  In  cultures  made  from 
the  older  spots,  in  which  the  central  tissue  had  become  brown,  some- 
times a  pure  Sphaeropsis  was  obtained,  but  more  often  a  mixture  of 
things.  Coniothyrivm,  pirina  developed  about  as  commonly  as 
Sphaeropsis,  both  species  often  growing  from  the  same  spot.  In 
addition  to  these  two  fungi,  two  species  of  Altemaria,  a  Cladospo- 
rium,  bacteria,  and  yeasts  were  frequently  present. 

This  cultural  work,  frequently  repeated,  gave  evidence  that  Sphai  - 
ropsis  malorum,  always  developing  from  the  youngest  spots,  was  the 
specific  cause  of  the  disease  and  that  the  other  organisms  were  mere 
concomitants.  Of  course,  to  prove  this  inoculation  experiments  were 
necessary.  These  were  made  as  soon  as  pure  fruiting  cultures  of  the 
different  fungi  were  obtained. 

INOCUI^TION   EZf  EBIKEITTS. 

A  number  of  different  sets  of  inoculations  were  made,  but  the 
method  of  procedure  was  the  same  in  each  case.  With  a  sterile 
needle  the  fruiting  fungus  was  scraped  from  the  surface  of  the  agar 
and  transferred  to  a  tube  of  sterile  water.  In  cases  where  pycnidia 
were  present  these  were  cruslied  against  the  side  of  the  tube  with  a 
i?teri!e  glass  rod  to  set  free  the  spores.  In  order  to  ascertain  the 
presence  of  mature  spores  a  hanging  dixjp  of  the  fluid  was  always 
examined  microscopically.  This  spore-bearing  liquid  was  then 
sprayed  on  both  surfaces  of  clean  young  leaves  with  an  atomizer. 
Ti-ees  in  more  or  less  iadated  young  orchards  were  selected,  and  no 
two  fungi  were  used  on  the  same  tree.  From  20  to  40  leaves  on  two 
or  three  different  shoots  were  involved  in  each  inoculation.  Checks 
were  always  made  on  separate  trees  by  spraying  40  or  50  leaves  with 
sterile  water. 

The  first  inoculations  were  made  on  May  28,  1907.  The  fimgi 
used  were  Spkaeropnis  malorum,  and  the  undetermined  species  of 
Coryneum,  Hendersonia,  and  Altemaria  previously  mentioned.  It 
was  raining  at  the  time  and  the  weather  continued  wet  for  several 
days. 
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On  June  3, 1907,  purple  specks  were  appearing  on  the  leaves  which 
had  been  inoculated  with  Sphaeropsis,  and  on  June  18  these  leaves 
were  badly  affected  with  leaf-spot.  (PL  III,  fig.  2.)  On  a  twig 
bearing  30  leaves,  12  showed  a  dozen  or  more  well-developed  spots, 
and  a  few  of  these  leaves  had  from  60  to  90  spots  each.  Twelve  other 
leai'es  on  the  same  branch  had  from  2  to  10  spots  each,  while  only 
0  remained  free  from  the  disease.  On  another  branch  12  out  of  20 
leaves  were  badly  affected. 

With  the  exception  of  an  occasional  spot,  evidently  resulting  from 
natural  infection,  the  leaves  sprayed  with  spores  of  the  other  fungi, 
as  well  as  tJiose  sprayed  with  sterile  water  as  a  check,  remained  free 
from  the  disease. 

Another  e.xperinient  was  made  on  June  19, 1907.  Spores  of  Sphae- 
ropsiu  malorum,  Coniothynum  pirina,  Coryncum,  and  Altemaria  were 
used.  The  work  was  done  at  sunset  following  a  shower,  so  that  the 
leaves  were  wet.  Again  the  leaves  inoculated  with  the  spores  of 
Sphaeropsis  malorum  soon  became  badly  affected  with  the  character- 
istic leaf-spot  disease,  while  the  others,  including  the  checks,  devel- 
oped no  more  than  an  occasional  spot. 

Another  test  was  made  with  Sphaeropsis  alone.  The  young  leaves 
of  a  2-year-old  tree  were  inoculated  during  a  period  of  dry  weather 
in  mid-June.  The  spores  were  sprayed  on  the  leaves  at  about  10 
o'clock,  while  the  sun  was  shining  brightly.  At  the  same  time 
sterile  water  was  sprayed  on  the  leaves  of  an  adjacent  tree  as  a  check. 

Though  no  rain  fell  for  at  least  si-t  days  after  the  spraying  was 
done,  numerous  purple  specks  began  ^o  appear  on  the  inoculated 
leaves  within  a  week  and  soon  developed  into  the  characteristic  brown 
spots,  A  few  spots,  never  more  than  one  to  a  leaf,  appeared  on  the 
checks.  The  mature  spores  of  Sphaeropsis  germinate  so  rapidly  that 
in  dry  weather  the  dews  provide  sufficient  moisture  for  leaf  infec- 
tion, as  indicated  by  this  experiment. 

Inoculations  made  on  June  26,  1907,  with  Sphaeropsis  mMorum, 
Coryneuni,  and  Altemaria  gave  results  similar  to  those  previously 
recorded  for  these  fungi.  From  20  to  50  spots  developed  on  each  of 
the  leaves  inoculated  with  Sphaeropsis,  while  only  a  few  scattered 
spots  occurred  on  the  leaves  of  the  check  and  on  those  sprayed  with 
spores  of  the  other  fungi,  , 

On  August  4,  1907,  inoculations  with  Coniothyrium  were  again 
tried.  Leaves  on  rapidly  growing  2-year-old  lien  Davis  trees  in  a 
nursery  were  used.  The  spores  were  obtained  from  a  fresh  culture 
and  were  so  numerous  that  they  clouded  the  liquid.  The  work  was 
done  during  a  light  shower  and  some  rain  fell  the  next  day. 

The  same  experiment  was  repeated  on  the  evening  of  August  14, 
1907.  Though  it  did  not  rain  at  this  time  the  trees  were  wet  down 
with  sterile  water  on  the  following  njgbt. 
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A^in,  on  August  21,  1907,  this  same  fungus  was  used  for  inocula- 
tionR,  which  were  made  in  the  evening  just  after  a  heavy  rain.  For 
the  next  two  days  the  sky  was  overcast  and  occasional  showers  fell. 

The  results  of  these  three  sets  of  inoculations  with  Coniothyrinin 
were  negative.  Spots  were  found  here  and  there  on  the  inoculated 
leaves,  but  no  more  than  on  the  checks  which  were  sprayed  with 
sterile  wat«r.  Similar  spots,  never  more  than  two  to  a  leaf,  were 
found  throughout  the  nursery  at  this  time  and  were  evidently  pro- 
duced by  a  natural  infection  with  Sphaeropsis. 

COHCL17SIONS. 

The  following  conclusions  may  be  drawn  from  the  results  of  the 
inoculation  experiments  described  in  the  preceding  pages : 

Sphaeropsis  malorum  Pk.,  the  black-rot  fungus,  is  parasitic  on 
apple  leaves,  producing  circular  (or  irregular)  reddish  brown  spots 
an  eighth  of  an  inch  or  more  in  diameter,  and  is  undoubtedly  the 
cause  of  the  apple  leaf-spot  disease  which  occurs  in  the  middle  West, 
The  common  apple  leaf-spot  disease  of  the  Eastern  States,  being  so 
similar  in  every  respect,  is  doubtless  caused  by  tlie  same  fungus, 
although  some  other  fungi  may  possibly  produce  similar  spots. 

Coniothyriiim  pinna  (Sacc.)  Sheldon,  although  it  occurs  ab\in- 
dantly  on  apple  leaf-sjKfts,  appears  to  have  nothing  to  do  with  their 
formation. 

The  several  other  fimgi  that  were  tested,  such  as  Hendersonia  sp., 
Coi-yneum  sp,,  Pestalozzia  sp.,  and  Alteniaria  sp.,  proved  to  be  non- 
parasitic in  tliese  experiments  and  probably  occur  on  leaf  spots  only 
as  saprophytes. 

SOVBCE  OP  INrECTION. 

Sphaeropm  malorum  is  perhaps  the  most  common  fungus  that 
inhabits  pome-fruit  orchards  east  of  the  Rocky  Mountains.  It  is  the 
cause  of  the  black-rot  of  the  apple,  the  pear,  and  the  quince  and  pro- 
duces cankers  on  trunks  and  branches  of  these  fruit  trees.  It  occurs 
abundantly  on  dead  twigs  and  brandies  in  nearly  every  orchard,  pro- 
ducing spores  in  enormous  numbers.  This  is  perhaps  the  most  fertile 
siiiuTe  of  infection  for  both  fruit  and  foliage.  In  old  orchards,  par- 
ticularly where  pruning  is  neglected,  the  leaf-spot  disease  is  nauch 
worse  than  in  young  orchards.  The  leaves  of  young  trees  adjacent 
t(»  an  old  orchard  become  more  spotted  with  the  disease  than  those 
farther  removed.  Another  source  of  infection  is  the  diseased  fruits 
of  the  previous  year's  crop.  Although  the  fungus  fruits  only  spar- 
iiiflly  on  leaves  on  the  tree,  it  produces  fertile  pycnidia  in  consider- 
able numbers  on  these  leaves  aftei'  they  have  fallen  to  the  ground. 
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TREATUBHT. 

Since  1892,  when  Alwood  '*  first  recommended  Bordeaux  mixture 
as  a  preventive  for  apple  leaf -spot,  other  writers  have  advocated  the 
same  method  of  treatment.  The  prevention  of  this  disease  has  been 
one  of  the  most  striking  results  of  various  spraying  experiments  and 
demonstrations  conducted  by  the  Bureau  of  Plant  Industry.  Waite, 
in  1901,  in  connection  with  bitter-rot  experiments  in  Virginia,  con- 
trolled the  disease  with  two  applications  of  Bordeaux  mixture.  His 
recommendations  in  Farmers'  Bulletin  So.  243,  p.  19,  are  based  upon 
this  work.  Similar  results  were  obtained  by  Scott  '*  in  Virginia  in 
1905.  In  the  spraying  demonstrations  in  the  Ozarks  during  1906  and 
1907  the  writers  found  that  the  spraying  ordinarily  necessary  for  the 
protection  of  the  fruit  from  fungous  attacks  "  will  usually  control  this 
leaf  trouble  without  any  additional  treatment.  During  both  seasons 
unsprayed  trees  were  shedding  their  leaves  by  August  1  and  were 
completely  defoliated  by  the  middle  of  September,  while  the  sprayed 
trees  remained  in  full  foliage  until  the  first  killing  frost.  {Compare 
PL  IV,  figs.  1  and  2.)  In  addition  to  the  injurious  effect  upon  the 
trees  this  premature  defoliation  caused  the  fruit  to  be  small  and  of 
poor  quality  as  compared  with  that  from  sprayed  trees.  An  average 
barrel  of  Winesaps  from  sprayed  trees  contained  612  apples,  while 
731  from  unsprayed  trees  in  adjacent  rows  were  required  to  fill  a 
barrel. 

For  the  control  of  this  disease  alone,  without  reference  to  the 
diseases  of  the  fruit,  an  application  of  Bordeaux  mixture  should  be 
made  in  the  spring  a  week  or  ten  days  after  the  petals  have  fallen,  a 
second  application  four  weeks  later,  and  n  third  about  four  weeks 
after  the  second.  Three  applications  are  necessary  only  in  exceed- 
ingly wet  seasons  in  sections  where  the  disease  is  severe.  Ordinarily 
two  treatments,  one  about  three  weeks  after  the  petals  are  off  and  the 
other  four  or  five  weeks  later,  are  sufficient. 

A  weak  Bordeaux  mixture,  such  as  3  pouiids  of  copper  sulphate  and 
8  pounds  of  lime  to  50  gallons  of  water,  is  effective  in  controlling  this 
disease,  Bordeaux  mixture  of  full  strength  not  being  required.  * 

'For  a  combination  treatment  for  tbe  leaf-apot  disease,  tbe  diseases  of  tbe 
fruit,  and  tbe  codling  motb,  see  Farmers'  Bulletin  No,  283,  pp.  41-42. 

*  For  various  formulas  and  methods  of  preparioK  Bordeaux  mixture,  see 
Farmers'  Bulletin  No.  243,  pp.  5-10, 
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THE  IMMUNITY  OF  THE  JAPANESE  CHESTNUT 
TO  THE  BARK  DISEASE. 

By  Haven  Metcalf,  FaHtologiat  in  Charge  of  the  Laboratory  of  Forest 
Pathology. 


THE  EXTENT  OP  THE  BARK  DISEASE. 

The  bark  diseaBe  of  the  cheatnut,  caused  by  the  fungus  Dtaporthe 
parasitica  Murrill,  has  spread  rapidly  from  Long  Island,  where  it  was 
first  observed,  and  is  now  reported  from  Connecticut,  Massachusetts, 
Vermont,  New  York  as  far  north  as  Poughkeepaie,  New  Jersey,  Penn- 
sylvania, and  possibly  Delaware.  It  is  no  exaggeration  to  say  that  it 
is  at  present  the  most  threatening  forest-tree  disease  in  America. 
Unless  something  now  unforeseen  occurs  to  check  its  spread,  the  com- 
plete destruction  of  the  chestnut  orchards  and  forests  of  the  country,  or 
at  least  of  the 'Atlantic  States,  is  only  a  question  of  a  few  years'  time. 

AN  IMMUNE  VARIETY. 

Observations  made  by  the  writer  during  the  past  year  indicate  that  all 
varieties  and  species  of  the  genus  Castanea  are  subject  to  the  disease 
except  the  Japanese  varieties  {Castanea  crenala  Sieh.  and  Zucc.).  All 
of  the  latter  that  have  been  observed  in  the  field  or  tested  by  inocula- 
tions have  been  found  immune.  This  fact  can  hardly  fail  to  be  of 
fundamental  importance  to  the  future  of  chestnut  nut  culture.  Although 
the  nuts  are  distinctly  inferior  in  flavor  to  the  European  varieties,,  such 
as  Paragon,  the  Japanese  chestnut  is  already  grown  on  a  large  scale  as 
a  nut-producing  tree.  There  are,  however,  many  trade  varieties  of 
dubious  origin.  Some  of  these  may  prove  later  to  be  subject  to  the 
disease.  Immunity  tests  of  all  known  varieties  of  chestnuts  have  been 
undertaken. 

Attempts  will  also  be  made  to  hybridize  the  Japanese  trith  American 
and  European  varieties,  with  the  hope  of  combining  the  immunity  of 
the  former  with  the  desirable  qualities  of  the  latter. 

However  excellent  as  a  nut  and  ornamental  tree,  the  value  of  the 
Japanese  chestnut  as  a  forest  tree  is  doubtful.  It  can  be  recommended 
only  experimentally  at  present  for  forest  planting.  It  certainly  will  not 
take  the  place  of  the  American  chestnut.  The  tree  is  said  to  attain  a 
height  of  50  or  60  feet  in  Japan.  As  seen  in  this  country  it  is  a  hand- 
some tree,  dwarfish  and  compact  in  habit,  and  rather  slow  growing. 
It  has  hardly  had  time  to  show  how  large  it  can  grow. 


4  IMHUMITT  OF  JAPANESE  CHESTNUT   TO  BARE  DISEASE. 

The  immunity  of  the  Japanese  cheatnut,  together  with  the  fact  that 
it  was  .first  introduced  and  cultivated  on  Long  Island  and  in  the  ver>' 
locality  from  which  the  diseaae  appears  to  have  spread,  suggCBts  the 
interesting  hypothesis  that  the  disease  was  introduced  from  Japan.  So 
far,  however,  no  facte  have  been  adduced  to  substantiate  this  view. 
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